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Preface
Rationale for this manual
In 2006 the Bitou Bush Threat Abatement Plan (Bitou TAP) was approved under the NSW
Threatened Species Conservation Act 1995 to address the key threatening process of the
invasion of native plant communities by Chrysanthemoides monilifera; mainly bitou bush
and to a much lesser extent boneseed. A key action in the Bitou TAP was to monitor the
response of the native species and ecological communities to the control of bitou bush (DEC
2006).
A survey of land managers working on bitou bush found little consistency in the type and
level of data being collected to show the response of native species to bitou bush control,
with many programs having little or no monitoring data. In addition most of the data that is
collected is rarely analysed and made available to others (see King and Downey 2008). This
situation is not confined to bitou bush, with very little information available for the rest of
the 20 Weeds of National Significance (see Reid et al. 2008). A key barrier to resolving this
situation was a general lack of guidance on how and what to monitor (see King and Downey
2008 for further details).
This manual was developed to address this need as well as to help deliver on the objectives
of the Bitou TAP. Given there is no concise monitoring guide available, this manual is based
on numerous texts, previous monitoring programs, extensive field testing and the authors’
knowledge of ecological monitoring techniques.
This manual should be used for all bitou bush control programs as the methods outlined can
provide a measure of the response of bitou bush, as well as the recovery of native plants
and ecological communities. In addition, this manual should be used by those who want to
assess the recovery of biodiversity at non-TAP sites or sites not committed to the TAP
process (i.e. sites in control categories 2–5 of the TAP).
Lastly, this manual contains standardised datasheets and simple methods to graph the
results. The use of these standardised methods and data collection is critical for comparing
the results across sites, something which wasn’t previously possible due to data
incompatibility (i.e. the data is collected in different ways with different levels of
information).
Broader use of this manual for other weeds – whilst this manual has been developed
specifically for bitou bush it is also suitable for other weed species threatening biodiversity.

Manual structure
This manual is divided into three tiers, each of which outlines a different level of monitoring
(Figure A). Each tier is aimed at different users, based on their level of monitoring skills,
resources (time and money) and the aim of their bitou bush control program. The three
tiers are:
Standard monitoring techniques or tier (pages 1–73).
Advanced monitoring techniques or tier (pages A1–A95).
Research monitoring techniques or tier (pages R1–R16).
The Standard tier is aimed at the majority of land managers and outlines the minimum
level of data needed to show a recovery (or a response) of native species following bitou
bush control. The Advanced tier is aimed at those land managers who have previous
monitoring experience, time to collect additional biological monitoring data, and require
more rigorous data to answer the aims of their programs. The Research tier is aimed at
providing high level data from a few select sites (i.e. demonstration sites) at which research
questions can be investigated during the monitoring program.
Preface
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Define your monitoring question (aim)
data:
quantitative data
determine causality

data:
qualitative data only
general trends

data:
quantitative data
robust trends

Standard tier

Advanced tier

Research tier

• Mapping
• Photopoints
• Observational data
• Control and monitoring activities

• Line-intercept transects
• Quadrat
• T-square sampling

• Complete Research methodology
• 12 Steps described
• conversion of advanced tier to research study

• datasheets
• Simple analysis
• Report results

• datasheets
• Simple analysis
• Report results

resources:
minimal time
Minimal funds
no or minimal expertise

• Collect and analyse data
• Report results

resources:
time allocated
funds available
expertise

resources:
considerable time
(eg several days per year)
dedicated funds
high expertise

Define your resources (time, money and expe rtise )

Figure A. The three tiers of this monitoring manual and the decisions that influence the choice of
appropriate tier.

The Standard and Advanced tiers contain a description of the methods outlined,
standardised datasheets for each method and instructions for analysing data. The Advanced
tier builds on the Standard tier as many of the Standard tier methods are also required by
those using the Advanced tier. The Advanced tier also contains a section with additional
information for those who want to know more about monitoring. Lastly, the Research tier
outlines how to adapt the Advanced tier into a research experiment.
All the parts of this manual (i.e. each tier, separate methods, datasheets, etc.) can be
downloaded separately from: www.environment.nsw.gov.au/bitouTAP/monitoring.htm
This manual should also be used with the field guide to the native plant species and
ecological communities at risk from bitou bush (see Hamilton et al. 2008).

Data submission
In order to meet the objectives of the Bitou TAP, all TAP sites that use these monitoring
programs should send a copy of their data to the TAP coordinator, either electronically via
bitou.tap@environment.nsw.gov.au or as a hard copy to the address in the front of this
manual. This will enable broader review of the effectiveness of the TAP approach in
protecting native plant communities from the threat of bitou bush. These results will be
made available to stakeholders on completion of the 5-year review of the Bitou TAP.
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Introduction
This monitoring manual describes techniques to monitor the response of bitou bush, other
environmental weeds, and target native species and ecological communities following weed
control. Whilst this manual was created specifically for bitou bush as part of the Threat
Abatement Plan (TAP), the techniques described here can be applied to all terrestrial
environmental weeds and native plant species and ecological communities or for
other weed TAPs.

Monitoring under the Bitou Bush Threat Abatement Plan
Since its introduction from South Africa in 1908, bitou bush (Chrysanthemoides monilifera
subsp. rotundata) has invaded over 80% of the NSW coastline. Bitou bush forms dense
infestations that smother vegetation and communities from the fore dune to hind dunes,
covering coastal grasslands, heathlands, woodlands, swamps, wetlands and forests. Bitou
bush is now considered the single greatest threat to NSW coastal biodiversity and
ecosystems.
This significant threat prompted the listing of bitou bush and the other introduced
subspecies boneseed (Chrysanthemoides monilifera subsp. monilifera) as a Key Threatening
Process under the NSW Threatened Species Conservation Act 1995 (TSC Act), and later as a
Weed of National Significance (WoNS) under the joint Australian Government and
State/Territory initiative. Under the TSC Act, a Threat Abatement Plan for the Invasion of
Native Plant Communities by Chrysanthemoides monilifera (Bitou bush and Boneseed) was
approved and released in 2006 (hereafter referred to as the Bitou TAP). This plan aims to
abate, ameliorate, or reduce the threat posed by bitou bush and boneseed to threatened
species, populations and ecological communities.
The Bitou TAP outlines the need for monitoring programs to be attached to control at
priority sites. It also acknowledges the need for monitoring programs to be available for use
by land managers with varying levels of experience.
Data collected from monitoring is critical in determining the success of the TAP, to refine
future control methods, and to guide future priorities. This monitoring manual has therefore
been prepared as part of the comprehensive toolkit developed to ensure successful
implementation of the TAP. Other resources or companion documents available include:
a bitou bush management manual
a boneseed management manual
best practice guidelines for aerial spraying of bitou bush
a field guide to the native species at risk from bitou bush invasion
a bitou TAP website containing regular updates of bitou bush news and web downloads of
the above resources (www.environment.nsw.gov.au/bitoutap).

What is monitoring?
Monitoring is the repeated collection and analysis of observations (e.g. density or cover),
thereby providing information on changes that enable you to answer a management
question. The important part of this definition is that monitoring data is collected for an
explicit reason, for example, to assess if your control program is meeting a management
aim. Monitoring is what you do to determine if your control actions have been effective.
Effective monitoring must therefore consider what to measure, how best and how often to
measure it, how to record those observations, and how long to continue monitoring.

Why is monitoring important?
Monitoring is often perceived as an unwieldy and expensive (and quite often, unnecessary)
component of land management work. Particularly within the weed management field it can
often be seen as diverting funds and resources away from the control effort: ‘If the
introduced weed is being killed why do we need to monitor it?’ But if the responses of weeds
and native plants and communities to management actions are not monitored then nothing
can be learnt about the effectiveness of the actions. This is the underlying reason for all
monitoring: to ensure that what you are doing is achieving the outcome you intended.
Introduction
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Monitoring provides you with the tools to assess whether your management actions are
being effective and, if not, provides information to help you determine what changes you
should make. Often, management regimes are implemented and it is assumed that the
intended outcome will eventuate; monitoring removes the guesswork. Monitoring is
therefore an essential part of adaptive land management that, when done properly, leads to
clear positive outcomes and saves time and money in the future.

Who should use this manual?
This manual should be used by anyone wishing to begin a monitoring program,
including (but not limited to) site managers, contractors, community groups, volunteers,
and government agency staff. Because monitoring data can only be compared with similarly
collected data, if you have already established a monitoring program at your site then you
should continue your established program. However, you may still find it useful to read this
manual, as it may contain additional tools you can apply to your existing program.

Establishing a monitoring program for all users
The first step in designing a monitoring study is to have a clear aim, and then to develop a
set of questions or objectives used to assess your progress towards that aim. If, for
example, your aim is to abate the threat of bitou bush invasion to biodiversity, then you can
use the questions below to assess the success of your program. You should add your own
questions if you have additional management aims.
General questions for a bitou bush threat abatement monitoring program
1. Has there been a reduction in the cover and extent of mature bitou bush, and the density
of bitou bush seedlings, after bitou bush control?
2. Has there been a positive response from the priority native biota after bitou bush
control?
3. Have other weeds invaded the site after bitou bush control, or have existing weeds
increased in cover or density?
4. What is the cost of saving native species from bitou bush, i.e. what was the cost of your
bitou bush control and monitoring program?
The next step in designing a monitoring study is to select the techniques with which you will
gather your data, and thereby answer your question(s). When selecting your techniques, it
is important to remember that monitoring data is collected over a period of time, possibly
years. Only data that has been consistently collected in the same way can be used to
monitor. It is important to choose the appropriate techniques not only for your aims, but
also those relevant to your skills and resources.

A three-tiered approach to monitoring
We have developed a three-tiered approach to monitoring to encompass the range of skills
and resources available to those wishing to conduct a monitoring program. The three tiers
build upon one another in the level of skills and resources required, and in the complexity of
the monitoring question they are designed to address. Techniques range from simple
qualitative assessments to robust research studies, allowing managers to adopt the tier
most suitable to their objectives and outcomes, skills and resources.
The first and simplest tier is the standard monitoring techniques. This tier provides
guidelines on 1) developing maps of your site and program, 2) establishing photopoints, 3)
collecting simple observational data to support photopoint observations, and 4) keeping
records of your control and monitoring efforts. The photopoints and assessment of control
and monitoring activities are fast and require no specialist equipment or knowledge, so all
land managers can use them. The observational data requires basic knowledge of
vegetation structure and species identification.
The standard monitoring component is the minimum required for a monitoring
program. However, if you have some monitoring experience and want more detailed and
rigorous monitoring data we recommend you use the advanced monitoring component or
the research study component.
iv
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The second tier is the advanced monitoring techniques which provide guidelines on how
to establish transect and quadrat based sampling for a more rigorous monitoring approach.
This tier is aimed at those with some previous monitoring experience who would appreciate
a more robust and scientific approach to their monitoring program.
The third tier is the research study component which requires experience with
experimental design and sampling. This is an intensive approach to monitoring and is only
expected to be undertaken in situations where this is desired or required.
Users of the advanced monitoring tier and the research study component also
need to complete the mapping, photopoint, and control and monitoring activities
records sections of the standard monitoring tier.

Using this manual
The tiers and sections within them have been written for use as independent units and you
need only use (and/or download) the section(s) relevant to your needs. Table S1
can help you choose which sections you need.
The standard and advanced monitoring tiers are divided into office and field based activities,
and provide a comprehensive description of the methods used, the equipment needed,
when, where and how often you should monitor, and detailed instructions to complete
appropriate analyses. Standardised datasheets are also provided (see page 23 for further
information on datasheets). The research study component provides an outline of the
variables and methods you should consider when designing an experimental research study.
Table S1. Essential and optional monitoring sections for each tier.
Tier
Section

Standard

Advanced

Research

3

9

9

9

Photopoints

24

9

9

9

Observational data

31

9

Control and monitoring activities

39

9

9

9

Techniques

Mapping

Page

Line-intercept sampling

A19

?

?

Quadrat sampling

A24

?

?

T-square sampling

A30

?

?

Key: 9/orange cells indicate essential sections; ?/yellow cells indicate optional sections.

To obtain electronic and/or hard copies of this manual and individual sections:
download it online at www.environment.nsw.gov.au/bitouTAP/monitoring.htm
email bitou.tap@environment.nsw.gov.au, or
send a written request to the postal address in the front of this manual.

Monitoring data and the Bitou TAP project
The Bitou TAP is a five year plan being implemented from 2006 to 2011. At the end of this
period, the objectives and actions detailed in the Bitou TAP will be reviewed and progress
evaluated. Among other things, the TAP review will evaluate the effectiveness of control
programs with respect to the response of priority species and ecological communities, and
the ways in which bitou bush causes the decline of native plant species. Your monitoring
efforts and information from priority sites will be integral to this review process.
Monitoring data is also essential for annual reporting on the Bitou TAP scientific licence.

Introduction
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Your monitoring (and control) data from priority sites will be collated into the bitou bush
database being developed by the Pest Management Unit (PMU) at the Department of
Environment and Climate Change (DECC). The use of the standardised techniques outlined
in this manual to create maps and collect data will greatly facilitate the development of this
database. Once collated, information gathered about multiple species and across multiple
sites will enable us to answer broad questions regarding the response of native species and
bitou bush to control.
We therefore request that all your maps, photos, monitoring and costs data from
priority TAP sites be submitted to the Pest Management Unit on an annual basis,
or when requested.
Analysis of this data will be made available to stakeholders.

Submitting data
To submit your data to the Bitou TAP coordinator in the PMU:
email digital copies of the maps (individual shape files are preferred) and data entered
into the standardised datasheets (the preferred format) to
bitou.tap@environment.nsw.gov.au, or
mail hardcopies (photocopies) of the maps and handwritten sheets to the postal address
in the front of this manual.
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Standard monitoring techniques
This section describes the standard monitoring techniques, the first tier of the monitoring
manual. The standard monitoring techniques are the simplest described in this manual with
results being largely qualitative. The four components of the standard monitoring
techniques are:
1. mapping
2. photopoints
3. observational data, including a) estimates of cover and density and b) additional
ecological information on the reproductive status and condition of species and
communities, and
4. assessment of control and monitoring activities.
The advantages and disadvantages of each technique are described below (Table S2).
Table S2. Advantages and disadvantages of the standard monitoring techniques.
Technique

When to use

Advantages

Disadvantages

1. Mapping

For recording
changes in bitou
bush, priority
species,
communities, and
other weed species.

Shows the spatial
relationship between bitou
bush, priority species,
communities, and other
weed species. Displays
changes and guides the
location of future control
programs.

Cannot be used to
quantitatively demonstrate
recovery of priority species
or communities after bitou
bush control. Precision will
vary with map scale and
methods used to create
boundaries.

2. Photopoints

For recording
changes in bitou
bush, priority
species,
communities, and
other weed species
with images.

Fast. Can show visual
changes that would be
difficult to record
numerically. Required by
many funding bodies.

Only provides a
qualitative, visual
demonstration of change.
Limited area monitored.
No data to support photos.
May not accurately reflect
changes. Limited value for
broader reporting.

3. Observational
data
a. Estimates of
cover and
density

For estimating
percent cover and
density of bitou
bush, priority
species,
communities, and
other weed species.

Fast, simple. More
informative than
presence/absence
observations.

Potentially imprecise and
subjective, with unknown
bias between different
observers. Cannot detect
small changes in
cover/density.

3. Observational
data
b. Ecological
observations

For recording basic
ecological
information on the
species found at a
site.

Provides qualitative
information on the state of
target species and how
they’re responding to bitou
bush and its control.

Only provides qualitative
information on responses.
May be subjective
differences between
observers. Information
gathered will vary with
experience of observer.

4. Assessment of
control and
monitoring
techniques

To document which
control activities
were used and the
costs of
implementing
controls.

Provides a detailed record
of activities and associated
costs. These costs are
often unknown.

Cannot be used to
demonstrate recovery of
priority species or
communities after bitou
bush control.

Standard monitoring techniques – Introduction
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These techniques may not detect small changes in the cover or density of bitou bush or the
priority species, so make sure your particular management question will be answered by the
techniques you decide to use.
All the methods you need to complete the standard monitoring techniques are outlined in
the following pages. These techniques form the foundation of the monitoring required by all
site managers of Bitou TAP priority sites. There are detailed instructions on how to construct
maps for site plans, and standard methods to establish photopoints and collect
observational data associated with those photopoints. Some simple analyses and detailed
instructions on how to enter your data into a spreadsheet and then graph it are also
provided.
Standard methods are central to the design of your monitoring program, as they allow
comparisons across sites or across different locations within your site. Furthermore, the use
of standard methods by multiple site managers will facilitate the collation of information on
the response of native species and bitou bush to bitou bush control across its range; this
knowledge is currently lacking. To assist the collection and recording of information
gathered through the standard methods, a series of standard datasheets have been
designed. There are separate datasheets for each field technique; no datasheets are
required for mapping. The format of the standard datasheets is outlined in greater detail on
page 23, and detailed instructions on how to complete each datasheet are given in the
relevant sections. Blank datasheets can be found in Appendices 1–3, while filled in examples
are provided in Appendix S4. To obtain blank copies of these datasheets:
download them online at www.environment.nsw.gov.au/bitouTAP/monitoring.htm
email bitou.tap@environment.nsw.gov.au, or
send a written request to the postal address in the front of this manual.
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1. Mapping
Introduction
A standardised map forms the basis for all of the monitoring techniques outlined in this
manual and the site management plans required in the Bitou TAP. If you have previously
prepared a site management plan as part of the Bitou TAP then you will already have a
map. This map, however, may need to be modified for monitoring purposes following the
instructions below. If you do not already have a map you will need to produce one following
the instructions below.

Why do you need a map?
A map is needed to define the area where you plan to control bitou bush and to record the
details of your monitoring program. The Bitou TAP requires bitou bush control to be focused
on conserving native plant species, and knowing the location of these species is therefore
critical, especially with respect to the location of bitou bush and your control programs. If
updated regularly, a map can also be used to visually assess your progress over time.

Creating a map of your site
This section outlines, in a step-by-step manner, how to create a standardised map of your
site, the various components that need to be included in your map, and how it can be used
for monitoring purposes. These steps are described as layers following the terminology used
in a geographic information system (GIS) for creating maps, though you do not need access
to GIS to create a map.

Choosing a map format
There are a variety of formats that you can use to create a map of your site. Selecting the
appropriate format may depend on your resources, access to information and software, and
mapping skills. The main formats which can be used to create a map are:
a photocopy of the area of your site from an existing topographic map (i.e. 1:25,000 to
larger scale topographic map)
a print out of an electronic map of your site
a map created in a GIS program
an aerial photograph of your site
a satellite image of your site
a hybrid map (e.g. an orthophoto that combines an aerial photo with contour lines).
While a sketch or mud map may be suitable for determining your bitou bush control areas,
it is not appropriate for monitoring purposes (see the Using your map to monitor section on
page 17 for more information).
Electronic maps can be downloaded from a range of websites (some of which are free),
including:
Community Access to Natural Resource Information – see www.canri.nsw.gov.au
NSW Department of Lands Spatial Information Exchange – see
www.maps.nsw.gov.au/six_viewer.html
Google Earth – see www.earth.google.com
an aerial photograph from the Department of Lands (cost involved) - see
www.lands.nsw.gov.au/airview/.

Creating layers on your map
Once you have selected the appropriate format for your map, the next step is to build your
composite map using the steps or layers outlined below. A series of standard layers are
used here to document each component of your site. The main components described in
this manual are your bitou bush management and control programs, the locations of the
native species at risk, other weed species and the locations of your monitoring programs.
Creating the layers can be done by:
Standard monitoring techniques – mapping
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1. sketching directly onto a photocopy of a topographic or other hardcopy map (using a
series of different colours)
2. drawing on a clear plastic sheet that is overlaid on your map or aerial
photograph/satellite image
3. recording the information with a handheld Global Positioning System (GPS) receiver, and
importing it into a GIS program
4. drawing the information directly in a GIS program, for which you will need to know the
spatial references of your data (e.g. northing and easting).

The layers of your map
The final map that you produce will contain the following components as a series of layers:
Layer 1 – base map showing orientation (i.e. north), a scale, legend and title (additional
contextual information such as roads and rivers may also be included)
Layer 2 – the location of any priority native species (as defined by the Bitou TAP) or
threatened plant populations at risk from bitou bush
Layer 3 – the location of any priority ecological communities (as defined by the Bitou
TAP) at risk from bitou bush
Layer 4 – the location of all bitou bush infestations
Layer 5 – the location of the other weed species present
Layer 6 – the area/s where you plan to control bitou bush
Layer 7 – specific stages of your bitou bush control program (the three stages as
defined on page 49 of the Bitou TAP; see also page 14 of this manual) and the year/s
you plan to implement each stage of control
Layer 8 – the location of any monitoring programs being implemented (e.g. photopoints,
transects and/or quadrats)
Layer 9 – the area actually controlled (if different from layers 6 or 7).
The next section describes each layer and its creation in detail. Large, high resolution
images of examples of each of the nine map layers are given in Appendix S6.
Note: The final map you produce will depend on your aims. All map layers are
required for the Bitou TAP, but only layers 1, 4, 6, and 9 are needed for control
works.
Furthermore, not all layers will be applicable to all sites. For example, if you don’t have an
ecological community at risk from bitou bush then you won’t need layer 3 on your final
map.
Your map needs to be updated regularly to account for any changes at your site. Thus from
time to time you will need to reproduce some of the layers. The old versions must be
kept in order to use your map for monitoring purposes.
The next section will guide you through creating your map. Here we use an example site to
create a map, with each layer illustrated separately. We have used an aerial photo for the
base map and each layer was created electronically with a GIS program using fictional data.
We have also included the relevant background information and the standardised
components that you must include on each layer. Each new layer builds upon the previous
layer, resulting in a composite final map.
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Layer 1 – base map
The first layer (also called the base map) contains information about your site so that it can
be easily located or distinguished on the ground. While the base map you have selected
may contain many distinguishing features such as the coastline and roads (Figure S1), other
important information such as the orientation or scale may not be provided. Your base map
layer should include a few standard items or features.
Map features for your base map layer:
orientation (e.g. a north arrow)
scale bar with measurements (e.g.
metres)
informative title (e.g. Example Nature
Reserve)
Australian map grid coordinates (e.g.
Easting/Northing).
Optional map features you may choose
to add:
roads
rivers
towns
coastline
management boundary (e.g. park or
reserve).
If you add optional features a legend will
be required to identify them.
Optional features may assist those using
the advanced monitoring or research
study tiers of this manual.

Standard monitoring techniques – mapping

Figure S1. An example of the base map (layer
1) showing the standard features.
(Refer to Appendix S6 for large, high resolution
images of this and the following maps.)
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Layer 2 – location of priority species
The second layer contains the location/s of the priority native plant species and plant
populations at risk from bitou bush. For the list of priority native plant species/populations
at risk from bitou bush see the Bitou TAP (DEC 2006;
www.environment.nsw.gov.au/bitouTAP). To help you identify the species at risk an
identification guide has been produced (Hamilton et al. 2008), which includes photos of the
species at risk along with written descriptions. To obtain a free copy:
request it online at www.environment.nsw.gov.au/bitouTAP/monitoring.htm
email bitou.tap@environment.nsw.gov.au, or
send a written request to the postal address in the front of this manual.

Instructions
The priority native plant species/populations can be mapped on this layer in one of two
ways, either as (1) specific points/locations, or (2) the area/patch occupied. If you know the
exact locations of individual plants of your priority species or they occur within a small area
(i.e. less than 10m2) then it would be best to mark these as points on the map (e.g.
Sophora tomentosa, Figure S2). If individuals occur over a larger area then it may be more
practical to create a polygon by drawing a boundary around the extent of their occurrence
(e.g. Stackhousia spathulata, Figure S2). More than one polygon may be needed depending
on your species’ distribution within the site (i.e. multiple patches) and how close the
individual plants are to each other.

Data collection
If you do not know the location of the
species you will need to survey the site
and determine their locations. Record this
information with a GPS receiver in the
field. Alternatively, if you do not have
access to a GPS receiver, then pinpoint the
location of the species on your site map. If
you know the exact location/s of the
priority species and can locate them on
your base map then you can simply add
the points or patches to this layer (e.g. the
five point locations for Sophora tomentosa
and three patches for Stackhousia
spathulata, Figure S2). Take this map
whenever you go into the field.
Map features added on this layer:
locations of the priority native plant
species using points and polygons
where appropriate, and
legend identifying the species and the
polygons and point patterns used to
distinguish them.
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Figure S2. An example showing the locations of
two priority species, using points (Sophora
tomentosa) and polygons (Stackhousia
spathulata) to define their locations. This
second layer is overlaid on the base map.

Monitoring manual for bitou bush control and native plant recovery

Layer 3 – location of priority ecological communities
The third layer contains the location/s of the priority ecological communities at risk from
bitou bush. For the list of ecological communities at risk from bitou bush see the Bitou TAP
(DEC 2006; www.environment.nsw.gov.au/bitouTAP). Note that the site information for
each ecological community is not exhaustive and you may also need to survey your site or
seek other sources of information. To help you identify the priority ecological communities
identified in the Bitou TAP an identification guide has been produced (Hamilton et al. 2008),
which includes photos of the ecological communities along with written descriptions. To
obtain a free copy:
request it online at www.environment.nsw.gov.au/bitouTAP/monitoring.htm
email bitou.tap@environment.nsw.gov.au, or
send a written request to the postal address in the front of this manual.

Instructions
The priority ecological communities need to be mapped on this layer as the extent of area
occupied (polygon). The polygon should define the boundary of the community at your site
(e.g. Swamp Oak Floodplain Forest, Figure S3). More than one polygon may be required if a
community occurs within discrete locations on your site (i.e. multiple patches, e.g. Littoral
Rainforest, Figure S3).

Data collection
If you do not know the boundaries of your
ecological community/s you will need to
conduct a survey recording the boundary
locations with a GPS receiver where
possible, or sketch them as accurately as
you can based on field observations and
then add the patch/s to this layer.
Existing topographical features such as
gullies and ridges can be used to define
the boundaries when drawing by hand.
When recording a boundary with a GPS
receiver, it is better to take a series of
way-points which represent changes in
the direction of the boundary and then
join the way-points in a GIS program to
form the patch/polygon, rather than to
map the exact boundary.
Take this map with you whenever you go
into the field.
Map features added on this layer:
locations of the priority ecological
communities using polygons, and
legend identifying the ecological
communities and the polygon patterns
used.
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Figure S3. An example showing the locations of
two priority ecological communities (Littoral
Rainforest and Swamp Oak Floodplain Forest)
using polygons. This layer is overlaid on the base
map (layer 1). Note: The individual patches were
outlined because the community was not
continuous between the patches.
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Layer 4 – location of bitou bush infestations
The fourth layer contains the location/s of all the bitou bush infestations at your site,
separated by density classes.

Instructions
Bitou bush infestations need to be mapped on this layer as the extent of area occupied by
infestations of different densities (polygons). Use the density classes for landscape scale
mapping (Winkler et al. 2008) shown on the following page. The combined extent of all
polygons should define the boundary of the infestation at your site (Figure S4). More than
one polygon may be required if bitou bush occurs within discrete locations on your site, or if
the density of bitou bush varies across your site.

Data collection
In 2000–01 the entire NSW coastline was
mapped for bitou bush infestations
(Thomas 2002). An updated version was
completed in late 2008. This GIS layer will
be made available on a Local Government
Area basis. The 2000–01 data is also
available on request by emailing
bitou.tap@environment.nsw.gov.au. If you
do not know the area infested by bitou
bush you will need to conduct a survey
recording boundary locations with a GPS
receiver if possible, or sketch them as
accurately as you can based on field
observations and then add the patch/s to
this layer. Existing topographical features
such as gullies and ridges can be used to
define the boundaries when drawing by
hand.
When recording a boundary with a GPS
receiver it is better to take a series of waypoints which represent changes in the
direction of the boundary and then join the
way-points in a GIS program to form the
patch/polygon, rather than to map the
exact boundary.
Map features added on this layer:
locations of bitou bush infestations, and
legend identifying the bitou bush
infestations and the polygon patterns
used.
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Figure S4. An example showing the locations of
bitou bush using polygons. When the layers are
combined you can see the infestations of bitou
bush relative to the priority native species and
ecological communities at risk.
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Density classes for bitou bush mapping (taken from Winkler et al. 2008)
Standard protocols for mapping the density of bitou bush and other Weeds of National
Significant (WoNS) in Australia have been developed by the Australian Government
(McNaught et al. 2006). Where possible you should use these so that your distribution map
is consistent with and can feed into other broader maps. Copies are available from
www.weeds.org.au.
Prior to 2007, individual states and regions had been collating their bitou bush distribution
maps independently and not necessarily in the same format. For example, comprehensive
mapping was carried out in New South Wales in 1984 and 2001, while in Queensland bitou
bush has been surveyed annually since the late 1990s using slightly different density
classes. The national WoNS program provided the opportunity to map bitou bush on a
national scale in 2008.
Density classes (below) were adopted to enable appropriate comparisons between historic
bitou bush data and newly collected data in 2008, on a national scale. While the density
classes provided here (Table S3 and Figure S5) are slightly different to the WoNS standard
density classes, they can be suitably fed into the WoNS classes and may therefore be used
for future bitou bush distribution mapping, enabling further comparisons with historical
data.
Table S3. Density classes for bitou bush mapping using standard WoNS protocols.
Standard
colour scheme

Bitou bush
density class

Description

Standard WoNS
density class**

Absent

No plants found during survey

Class 1

Sparse

One or two plants only

Class 2

Light

Medium

Heavy

White

<10% cover, infrequently dispersed
seedlings, small or large plants and small
clumps
10–40% cover, plants and small clumps
readily located, generally uniformly
dispersed throughout the site; occasional
clumps
40–70% cover, dense clumps forming
continuous infestations in patches, with
native flora still present in patches

Very heavy

>70% cover, bitou bush plants
essentially forming monocultures

Not surveyed

Not surveyed

Class 3

Class 4 equivalent

Class 5 equivalent

Class 8

**Class 6 (present, density unknown) and Class 7 (not known, or uncertain) are not shown as they
have not been used in previous bitou bush mapping.

A problem may arise when trying to classify recently controlled infestations. For
example, a heavy infestation (100% cover) may reduce to less than 10% cover
immediately after control, and may be 40% by the time of the next control. For
consistency, always record the density pre-treatment.

Standard monitoring techniques – mapping
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Figure S5. An example of bitou bush density mapping using standard WoNS protocols.
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Layer 5 – location of other weed species
The threat posed by other weed species may increase following bitou bush control. This fifth
layer captures the location of these other weed species. In this way they can be monitored
during bitou bush control and then managed as needed to prevent them from posing a
similar threat to the native species and ecological communities which are at risk from bitou
bush.

Instructions
Map each major weed species separately where possible (e.g. where they form separate
patches). However, if there is more than one weed species within an area, it may be easier
to draw this area as one large polygon and list the different weed species contained within it
in the legend (Figure S6). Only map those weed species that are: known major
environmental weeds; weeds which are currently being managed; or those that are likely to
become problematic in the future. Each weed species may also be mapped in a separate
layer (e.g. Layer 5a or Layer 5b) if this is more conducive to your management aims.
Alternatively, you may find it helpful to place a single polygon around different weed species
that you plan to treat together (e.g. exotic grasses or exotic vines). If so, you need to
ensure you specify how and why you have grouped weed species together. Refer to A field
manual for surveying and mapping nationally significant weeds (McNaught et al. 2006) for
standard protocols for mapping the density of other weeds.

Data collection
If you are not sure of the boundaries of
the other weed species present at your
site, it may be necessary to conduct a field
survey to determine them using a GPS
receiver, if possible, to record the data.
Existing topographical features such as
gullies and ridges can be used to define
the boundaries when drawing by hand.
When recording a boundary with a GPS
receiver it is better to take a series of waypoints which represent changes in the
direction of the boundary and then join the
way-points in a GIS program to form the
patch/polygon, rather than to map the
entire length of the boundary.
Map features added on this layer:
locations of other weed species, and
legend identifying the other weed
species and the polygon patterns used.

Figure S6. An example showing the locations of
other weed species (lantana and glory lily).
When the layers are combined you can see the
infestations of other weeds relative to bitou
bush and the priority native species and
ecological communities at risk.

Standard monitoring techniques – mapping
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Layer 6 – the area/s where you plan to control bitou bush
The sixth layer captures where you plan to undertake bitou bush control (i.e. your
management area/s). The control area/s must be directed at reducing the extent of bitou
bush, and/or conserving the native plant species or ecological communities at risk, in
accordance with your management aims. In addition, the size of the control area must be
defined by your ability to undertake follow-up control of bitou bush recruitment. Here you
are defining the size of the area to be treated over the course of your program (e.g. the five
years of the Bitou TAP); in some cases, this area might be the same as layer 4. Layer 7
outlines the various stages of control to be undertaken within this area and the timing of
each.

Instructions
Where bitou bush occurs in spatially distinct locations, each must be defined separately as a
management area (e.g. areas A and B, Figure S7). When selecting control areas you should
consider the management program relative to the response of the native species and
ecological communities at risk as well as any other weed species present.

Data collection
Outline the boundary of your control
program/s based on the location of bitou
bush in layer 4 and the species and/or
ecological communities at risk in layers 2
and 3 (Figure S7). You may need to base
the choice of these area/s on a field
assessment, especially if the species or
ecological communities at risk pose
significant management challenges.
Map features added on this layer:
locations of all bitou bush management
areas, and
legend identifying the management
areas for control.

Figure S7. An example showing two bitou bush
management control areas (A and B polygons),
plus a buffer in which spread will be monitored
and all small plants treated.
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Layer 7 – the specific stages of your bitou bush control
program
The seventh layer defines your control program over time (i.e. what you plan to do in years
1, 2, 3, etc.) within each management area defined in layer 6. The Bitou TAP describes a
staged approach to bitou bush control for the protection of native species and ecological
communities (see page 49 of the Bitou TAP or page 14 of this manual), and these stages
need to be matched to a timeframe at your site. This layer is critical for the development of
your site-specific management plan as required under the Bitou TAP (see
www.environment.nsw.gov.au/bitouTAP/stagedcontrol.htm). Your site management plan
will then encompass the actual techniques to be used in each stage of control.

Instructions
To remove the threat from bitou bush, three stages of control are recommended and
described in the Bitou TAP (see page 49 of the Bitou TAP or page 14 of this manual). Each
stage of control should be clearly defined and labelled on this layer of your map as these
stages will ultimately define the boundaries of your monitoring program. Each stage should
also have a year attached to it (e.g. Area A, Stage 1, Year 1, Figure S8).

Data collection
Outline the boundary of each stage of
bitou bush control based on the
management area in layer 6 and the
species or ecological communities at risk in
layers 2 and 3 (Figure S8). You may need
to base the stages on a field assessment,
especially if the species or ecological
communities at risk pose significant
management challenges, or where you
expect complications post-control.
Map features added on this layer:
location of each stage of bitou bush
control in each year of your control
program within each management area
(as defined in layer 6), and
legend identifying the stages and years
where control is to be undertaken.

Figure S8. An example showing the different
stages of bitou bush control within pre-defined
management areas (boundaries not shown) and
the timing of each stage (i.e. year 1, 2, 3 etc.).

Standard monitoring techniques – mapping
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A staged approach to bitou bush control
(excerpt from the Bitou TAP)
At many sites the density and area infested by bitou bush is such that it cannot be
controlled in a single control event/action. Thus, the control of bitou bush at these sites
needs to occur in stages.
The first stage is the removal of bitou bush and other weed species from the immediate
vicinity of the species, population or ecological community at risk. This will reduce the
impact and/or direct threat in the short term.
The second stage is the expansion of stage one to cover a larger area of the bitou bush
infestation at the site. In this stage, the removal of bitou bush should be prioritised to areas
containing suitable habitat for the priority species, populations and ecological communities
to expand into in the future and decrease the threat by providing a larger buffer zone
between bitou bush and the threatened entity. Stage two also involves the follow-up control
of bitou bush seedlings that germinate within all previously controlled areas (including stage
one areas).
The third and subsequent stages involve the further expansion of earlier stages with the
aim of removing all bitou bush from the site and surrounding areas to prevent re-invasion.
This stage also includes the continual follow-up control of bitou bush seedlings in all
previously controlled stages/areas of the site (areas where control stages one and two
occurred).
This staged approach can be beneficial for a number of reasons:
Control is focused on an area for which there are sufficient resources available.
Follow-up control constraints are considered.
Control can be focused initially on areas where priority species, populations or ecological
communities occur, or on other priority areas.
A staged approach aids in the protection of threatened ecological communities (e.g.
littoral rainforests).
A plan can be drawn up to manage large infestations.
The staged approach must:
be planned before any control is undertaken, with all stages clearly marked and the
timing of each stage determined, and preferably incorporated into a site-specific
management plan, and
only control areas for which there are resources available to undertake the subsequent
stages, including most importantly the follow-up treatment of seedlings; irrespective of
the initial control measure implemented, follow-up treatments are required to control
recruitment (as described by Winkler et al. 2008).
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Layer 8 – location of monitoring programs
The eighth layer captures the locations of all your monitoring programs, for example,
photopoint locations and the position of quadrats and transects used for advanced
monitoring and research study.

Instructions
Choosing the location/s of your monitoring program/s is very important. The location/s
must be positioned to enable you to represent the changes in bitou bush, priority native
species and ecological community/s at risk, as well as other weed species. See the
photopoint and observational monitoring introduction (page 19) for details about where to
position monitoring programs and how many you should undertake.

Data collection
To determine the best location/s of your
monitoring programs you may need to
undertake a field assessment. In addition,
each technique will have different onground constraints. Once you have
determined the location, you can either
use a GPS receiver to record the location
or mark it on the map by hand as
accurately as possible (Figure S9).
Map features added on this layer:
locations of monitoring programs (e.g.
photopoints for standard monitoring),
and
legend identifying the different types of
monitoring programs used.
Methods to choose the locations of
quadrats and transects for advanced
monitoring and research study
techniques are outlined in the relevant
sections. Example locations are also
included in Figure S9.

Figure S9. A composite map showing the
locations of monitoring programs, being
photopoints (standard monitoring), quadrats
and transects (advanced monitoring and
research study).
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Layer 9 – area actually controlled
The ninth layer is used here to show where the control program was actually undertaken
each year and the remaining bitou bush infestation that needs to be controlled. This can be
done by modifying information from layer 7 where necessary (e.g. where the actual onground control was different to the planned program).
This layer does not need to be created until after you have completed the first
control event in your program (e.g. stage 1, year 1), after which it needs to be
updated after every control event. This may result in a different layer each year. These
‘controlled’ layers can be used to monitor the success of your control program and must
therefore be kept.

Instructions
You need to update your map after each control event in your program, using the latest
version of layer 7, to reflect the actual on-ground change following control (Figure S10).
This is critical for using your map to monitor your control program. The area treated and the
area proposed to be treated may differ for a number of reasons (e.g. financial, paucity of
contractors, the response of the bitou bush seedbank or other weed species). In order to
use your map for monitoring it is critical to update such changes.
Label each version of layer 9 with the year (e.g. Layer 9 – 2007) so that you can use them
for monitoring purposes and to give you a time sequence (e.g. Layer 9 – 2007 to Layer 9 2009). You may also need to update layer 4 if there have been changes in the distribution
of bitou bush at your site.

Data collection
Create an outline of the area actually
controlled if different from layer 7. You can
either update layer 7 using GIS software or
draw the changes by hand on a copy of
layer 7. Remember to keep the original or
previous layer for comparison and label
this layer with the year.
Map features added on this layer:
locations of current bitou bush
infestations following the control
program, and
legend identifying the control program –
both in terms of year of the project
(e.g. year 1) and the actual year (e.g.
2007).
For advanced monitoring and research
study techniques you should also update
your bitou bush densities as presented in
layer 4.

Figure S10. An example showing remaining
bitou bush infestation after the first stage of
control is completed.

16

Monitoring manual for bitou bush control and native plant recovery

Using your map to monitor
Updating the map after successive control programs (e.g. layer 9 for years 1 and 2) enables
you to use your map for monitoring purposes. For example, comparing the control stages
chosen during the planning stage of the program (layer 7) with the area actually controlled
from year to year (annual versions of layer 9) can provide you with documented evidence of
the reduction of bitou bush on your site, and therefore the likely reduction in the threat to
native species and ecological communities. The same type of comparisons can be made
annually with the extent of occurrence of native species, ecological communities and other
weeds on your site. This type of information enables you to determine if your control
program is working, and if not, provides evidence to support a change in management
strategy.
Layers 6 and 7 demonstrate the original bitou bush infestation and the control areas and
stages for the planned control program (Figure S11).

Figure S11. An example demonstrating the bitou bush infestation (left image – Layer 6) and the
control areas and stages for the planned control program (right image – Layer 7).
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17

Layer 9 (from 2007 and 2008) demonstrates the result of the control program implemented
on the ground (Figure S12). There is a demonstrated reduction in the presence and likely
threat of bitou bush surrounding the priority species and ecological communities over time.
There are still some pockets of low density bitou bush remaining in 2008, however, there
are no high density patches remaining. The spread and reduction of other weeds is also
demonstrated in these layers.

Figure S12. Examples showing control programs being implemented for the years 2007 and 2008.
Note the changes in bitou bush infestation and the changes in the distribution of other weeds between
the original map (prior to control, Figure S4) and these maps.

Maps should be included in site-specific management plans for the Bitou bush TAP.
Copies of the shape files (if created in GIS) should be sent to
bitou.tap@environment.nsw.gov.au.
Copies of hardcopy maps should be sent to the address in the front of this manual.
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Introducing photopoint and observational
monitoring
Introduction
Photos can provide a visual representation of vegetation change over time, especially when
photos taken from the same location are compared across different time periods. This
comparison can be used as a simple form of monitoring.
The success of this technique for monitoring is based on the establishment of permanent
photo locations or photopoints, which can be revisited at regular intervals. Planning and
thought is therefore needed prior to the establishment of a photopoint to determine the
exact nature of the photos and what they will reflect over time. For example, a picture of a
weed infestation (being green vegetation) at the beginning of the program and one of green
native vegetation at the end may not adequately reflect the changes that occurred. In
addition, planning is needed to track photos and match them over time. A descriptive set of
notes for each photo as well as location labels are needed to achieve this.
Observational data should be used to support the visual changes observed through
photopoints. Observational monitoring is achieved through the collation of a standard set of
information or observational data, which includes:
1. estimates of vegetation cover and density, including the cover and density of different life
stages, and
2. additional ecological information.
Furthermore, a range of basic ecological data can be collected through recording your
observations about specific species, for example, reproductive status, response to control,
health, and whether the number of individuals is increasing or decreasing. The importance
of collecting this type of information is evident in that very limited knowledge is currently
available about some of the species at risk from bitou bush.
The key advantage of this type of data collection is that virtually no special skills are
required and it takes very little time. For a more comprehensive assessment it would be
beneficial to have some botanical knowledge, but if you are only concerned with a subset of
priority species then it may only be necessary to be able to recognise these in the field. The
identification guide to the native species, populations and ecological communities at risk
from bitou bush can assist with identification in the field (Hamilton et al. 2008). To obtain a
free copy:
download it online at www.environment.nsw.gov.au/bitouTAP/idguide.htm
email bitou.tap@environment.nsw.gov.au
call the Environment Line on (02) 9995 5555, or
send a written request to the postal address in the front of this manual.
Quantitative monitoring methods described in the advanced and research tiers can
replace the qualitative methods described here, providing they adequately
describe the vegetation changes captured by the photos.

Define the objective of your photo and observational monitoring program
Defining your objective is the key to successful monitoring using photos and observational
data, as different objectives may require different photopoint or observational monitoring
locations or orientations. Therefore, your objective must be carefully defined prior to
establishing points and locations in the field.
Some objectives for photo and observational monitoring for the Bitou TAP may include:
Standard monitoring techniques – introducing photopoint and observational monitoring
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an assessment of the density of bitou bush, before and after control
establishing the presence or density of specific priority native species over time
monitoring the growth and health of one particular plant
identifying changes in ecological communities, and/or
observing the increase or decrease in density of other weeds that have the potential to
invade after bitou bush control.

Which species should you monitor?
All observational techniques can be applied to bitou bush, native priority species, ecological
communities, and the other weed species found on your site. Which species you choose to
monitor will depend on the specific objectives of your control and monitoring programs and
the species present at your site. Throughout the following sections we refer to these species
as target species.
The term target species refers to those particular species you have chosen to
monitor using the techniques outlined in this manual. You may therefore have
target species for control, and target species for recovery.
You will need to monitor multiple target species if you wish to monitor an
ecological community. Refer to Hamilton et al. (2008) for a list of characteristic
species in ecological communities at risk from bitou bush.
For example, if the aim of your control and monitoring program is to control bitou bush and
monitor the recovery of native vegetation, and in particular priority species, after control,
your target species should include bitou bush, priority native species at your site (or a
subset if there are many), and other weed species likely to reinvade the control site and
compete with the priority species. You may also wish to monitor native species other than
the priority species if these are likely to respond slowly to control.

How many photopoints should you establish?
The number of photopoints you establish will depend on the objectives of your photo
monitoring program. You need to establish sufficient photopoints to provide the information
you require, especially if your site is very large or the vegetation very diverse. For example,
for the photo monitoring objectives outlined above, we recommend the following minimum
number of photopoints:
an assessment of the density of bitou bush, before and after control – at least two
photopoints per mapped density of bitou bush (see page 9 for a description of bitou
bush density)
establishing the presence or density of specific priority native species over time – at
least two photopoints per priority native species or high priority biodiversity
monitoring the growth and health of one particular plant – one photopoint
identifying changes in ecological communities – at least three photopoints
observing the increase or decrease in density of other weeds that have the potential to
invade after bitou bush control – at least two photopoints.
Remember that you will need to collect observational data at each of your
photopoints. If your ability to collect such data is likely to be constrained by time,
money, or other resources, it is better to collect high quality data from fewer
photopoints than to collect low quality data from many photopoints.
Some priority species may be slow to respond after bitou bush control. It may therefore be
useful to also have photopoints of other, non-priority species (e.g. Acacia longifolia subsp.
sophorae) to document general responses of native species to bitou bush control.

20

Monitoring manual for bitou bush control and native plant recovery

In addition to photopoints focusing on a specific location, we also recommend that you take
a photo that encompasses the broader landscape (e.g. Diamond Headland, taken from
Bradley’s lookout). Such photos are particularly useful to show large-scale changes in
vegetation before and after bitou bush control. Remember to record details of the subject of
your photo, from where and when it was taken, and to note any particular landscape
features that might be useful for later reference.
Note: The minimum number of photopoints outlined here is of limited use in answering
broad monitoring aims, such as the response of a priority species or ecological community
to bitou bush control. Such questions require a much larger monitoring program, consisting
of multiple photopoints (and observational data plots) or the use of advanced techniques.
Note: Your photopoint and observational monitoring will need to be responsive to changes
in the vegetation and surrounding landscape. Factors such as erosion, fire, natural
senescence (death) and the rapid growth of native vegetation or weeds following bitou bush
control can all impact upon a target species. These factors may rapidly increase or decrease
the abundance and/or cover of a target species, in ways not captured by an annual or 6
monthly monitoring program. Such changes are integral to natural landscapes, however,
and one of the many challenges of vegetation monitoring. You should consider how such
changes might affect your monitoring program before you begin monitoring.

From where should you record observational data?
Observations can be taken from either the photopoint locations or another pre-determined
location which is representative of your site. Selection of the target of your observations,
e.g. bitou bush, native species, and/or other weed species, should be based on the
objective of your bitou bush control program. If you are not using the photopoint locations
to obtain observations then you will need to establish additional permanently located
marker/s to do so and record their position as outlined in the photopoint section above.

How often should you monitor?
The photos taken for this monitoring technique are intended to show visual changes in
vegetation over time. Thus it is best to take a series of photos at predetermined intervals
(e.g. 6 monthly) rather than indiscriminately over the course of your program, so that you
have a documented timeframe in which the changes occurred. Also you need to consider the
period of time needed to show the response of the subject of the photo or your objective.
For example, to show the kill-rate of initial bitou bush control you may only need a before
and after photo taken 6 months apart. However, if you want to show the response of a
native species to control you may need photos spanning 5 years (or longer).
Ideally, sites should be monitored just before any control is undertaken so you have an
accurate picture of what the site was like before undertaking any management actions. The
lowest frequency of repeat monitoring would be to monitor again just before the next
control actions occur. You can also monitor soon after each control event to assess the
effectiveness of the control.
For the Bitou TAP we recommend that photos be taken prior to the initial bitou bush control
at the photopoint location, and at 6 monthly intervals over the course of the 5 years of your
site management plan. The 6 monthly intervals will give you two samples between your
annual control program and give a much greater comparison between pre- and post-control
over time, and the response of native species and bitou bush.
If you have already started control efforts, we recommend that you record to the best of
your knowledge the history of those efforts and begin monitoring as soon as possible. The
history of the site and previous control efforts can then assist you in the interpretation of
your monitoring results.
Observational data should be collected whenever you take a photo at your photopoint, and
more frequently if you so wish.

Standard monitoring techniques – introducing photopoint and observational monitoring
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For how long should you monitor?
Once again, the answer to this question lies with the aims of your monitoring program. If
your aim is to monitor the restoration of an ecological community back to a pre-invaded
state (if this is possible), then monitoring should continue until that state is reached, and
then for some time afterwards to ensure that the vegetation complex is stable. If you are
monitoring the health and growth a particular native species, then monitoring could
continue until that plant reaches a certain size (above which it is unlikely to be affected by
bitou bush), until the plant dies (because of weed, fire, erosion or some other factor), or
until the threat of bitou bush or other weeds has been removed from the vicinity. If a
particular bitou bush infestation is the focus of your monitoring, then monitoring should
continue until bitou bush and other secondary weeds have been removed and the native
vegetation has recolonised the site.
The decision to discontinue monitoring should be made as part of an adaptive management
and monitoring program. Strategic end-points for monitoring should be defined before
monitoring begins, for example, the removal of bitou bush and other weeds from a site. You
may find it beneficial to keep photo monitoring markers in place even after systematic (e.g.
6 monthly) monitoring at a point has finished. This will ensure sites can be re-visited in the
future to check if and how the vegetation has changed.
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Introducing standard monitoring datasheets
Standard monitoring datasheets have been designed to minimise the variability between
observers that typically occurs when collecting qualitative data. There are separate,
standard proformas to collect photopoint and observational data, and control and
monitoring details.
The field datasheets are intended to be used as a collective set of information for each
defined management area. To link the field datasheets, there is a section at the top of the
first page on each requiring the information common to all, whilst ensuring that each sheet
is also site-specific (Figure S13). Each field sheet used to collect information for a particular
management area should have the same information in the top section.
Bitou TAP site no.

2411

Site name

Example NR Long-term plots

Management area

One Mile Beach, Area C

Control stage

stage 1, year 2

Date

6/05/2009

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Time since control

11 months

Photopoint no.

Plot 6

(e.g. stages 1-3 in your site plan)

Area sampled 10m x 2m transect

(e.g. 5m radius plot)

Figure S13. A worked example of the section at the top of each field datasheet. This information links
the photopoint, observational, and control and monitoring information for each site.

Description of fields at the top of monitoring datasheets (Figure S13)
Bitou TAP site no.: the number allocated to your site in the Bitou Bush Threat
Abatement Plan.
Site name: the name allocated to your site in the Bitou Bush Threat Abatement Plan.
Management area: the area in which you will be conducting the monitoring e.g. One
Mile Beach, and the specific area as defined in your site management plan and map, e.g.
Area C.
Control stage: the current stage of control for your management area at the time of
monitoring.
Date: the date you are conducting this monitoring.
Observers: the names of the people conducting this monitoring.
Time since control: how long (months, years) since control last occurred in this
management area.
Photopoint no.: the photopoint identification number for this monitoring location, if
applicable.
Area sampled: the size of your monitoring survey or plot.
There are detailed instructions on how to fill out the remainder of the datasheets in the
relevant methods sections. Appendices 1–3 contain blank copies of the three datasheets
and Appendix S4 contains filled-in examples of each. To obtain blank copies of these
datasheets:
download them online at www.environment.nsw.gov.au/bitouTAP/monitoring.htm
email bitou.tap@environment.nsw.gov.au, or
send a written request to the postal address in the front of this manual.
Copies of all datasheets should be submitted to the Bitou TAP coordinator on an
annual basis.
Hard copies can be sent to the address in the front of this manual; digital copies
can be emailed to bitou.tap@environment.nsw.gov.au.

Standard monitoring techniques – introducing standard monitoring datasheets
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2. Photopoints
Collecting the data
Office component:

Equipment needed
Below is a list of the basic equipment needed to undertake photopoint monitoring, broken
down into what is needed to establish the photopoint location and take the photos:
Establishing a photopoint location
star pickets/aluminium pickets (2 per photopoint location – camera and sighter posts)
hammer/‘dolly’/picket rammer
aluminium tags, pen/pencil to write on them and wire (2 per photopoint) or other method
of identifying camera and sighter posts (e.g. paint or permanent waterproof marker)
small marker pegs if vandalism is an issue (2 per photopoint location)
compass
clinometer
GPS receiver
measuring tape
a map of your site
Also consider the safety issues of leaving posts in the bush/field for extended periods of
time. For example, star pickets should have a plastic cap covering the exposed end.
Taking photos
camera (preferably digital)
extra batteries
memory card/film
tripod (or camera post – 1.5 m high)
field datasheet (photopoint monitoring – see Appendix S1)
white card or board (approximately A3 in size) (optional; see Appendix S5)
clipboard
pen/marker
measuring tape
scale object
a copy of the previous data sheet or information about the previous photo (e.g. camera
zoom, time of day, etc.)
photo from previous sample (if available).
Field component:

Establishing photopoint locations
Identify the subject (a landscape feature such as an area of bitou bush prior to control,
or a particular plant) that will best illustrate your defined photopoint monitoring
objective.
Photopoints should try to utilise permanent fixtures that are already within the
landscape, such as a sign, fence post, large rocks, easily distinguishable tree, or feature
on the horizon. You may also want to record the compass bearing from prominent
landmarks.
Set up the photopoint in a location that can be easily located in the future, for example,
close to a vehicle or walking track. Keep photopoints out of view if vandalism is likely to
be a problem.
Avoid steep slopes as this may complicate interpretation of the photo.
Although not an essential requirement, locating the photopoint orientation on a north to
south axis (i.e. with the sun at your back when taking the photo) will help to avoid direct
sunlight in the photo. This will also help to avoid dramatic differences between photos
taken at different times of the day.
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Ensure the view from the camera to the subject being photographed is uncluttered. Be
aware that vegetation may get taller as it grows, potentially obscuring the subject. This
will hamper interpretation with future photos.
Note: Once a photopoint has been established it cannot be changed. Therefore,
care must be taken in choosing the location and subjects for monitoring.
Once you have chosen the location for your photopoint you should give it a unique
number/name and a short description (e.g. plot 6, north end of beach).
Record a description of the site in the top section of the Standard monitoring
datasheet – photopoint (see page 23 for a filled-in example). Appendix S1 contains a
blank copy of this datasheet and Appendix S4 an example.

Part 1 – photopoint ID
You will need to permanently mark the position of each photopoint location following the
instructions outlined below:
Permanently mark the point from which each photo will be taken – referred to here as
the camera post (Figure S14). This can be done using a star picket or other permanent
marker post (e.g. fence post).
Place another marker point and post 5 m away. This marker location is the sighter post
(Figure S14). The sighter post should be along a north–south orientation from the
marker post (or other orientation where appropriate) and in the direction of the central
focal point of the photo.
S

Date

1.5 m height

1.5 m height

Site name

5m

sighter post

camera post
Figure S14. Diagram of the photopoint setup including the camera location and sighter posts and the
board displaying the site information.

Label both the camera post and sighter post with a unique photopoint number (e.g.
Example Nature Reserve, photopoint 1, camera post). An aluminium tag secured with
wire makes an excellent label. It must be firmly fixed to avoid it being lost between
photo samples – by labelling both posts this will also help to avoid the loss of a label.
Other than an aluminium tag, paint or permanent waterproof marker pen could be used
to label your posts. Record the unique photopoint ID number in the top section of the
photopoint monitoring datasheet (Figure S13).
Record the location of the sighter post with a GPS receiver or mark it on a topographic
map which gives easting and northing coordinates.
Record this information in Part 1 of the photopoint monitoring field datasheet (Figure
S15). Also include the map datum (i.e. ADG66, GDA94, or WGS84) and the zone (i.e.
zone 55 or 56 for NSW) your photopoint is located in. This information should be
available on the GPS receiver or topographic map.
Standard monitoring techniques – photopoints
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Briefly describe the location. There is space for a more detailed description and mud
map on page 2 of the photopoint monitoring field datasheet.
If vandalism is a possibility, also place a small marker peg in the ground close to both
the camera and sighter posts. Such marker pegs may be more likely to remain and aid
relocation of the exact photo location.
Observational data should preferably be collected for each photopoint. If you are
undertaking advanced monitoring or a research study then you should also position
photopoint locations at or near your transects and/or quadrats to visually capture the
change recorded by these other monitoring methods.
Part 1 - photopoint ID
easting

northing

417963

photopoint location
description of location

datum and zone

6375048

AGD66; 56H

Plot 6 is in Area C which is located to the left hand side of the track when you are heading towards the beach from
the carpark

Figure S15. Record information regarding the location of a photopoint in Part 1 – photopoint ID.

Part 2 – camera
In order to ensure that your photos are comparable over time, the following instructions
need to be adhered to:
Where possible, use the same camera on each occasion (preferably a digital camera so
that you can instantly see the image and compare it to the previous image). Record the
details of the camera type in Part 2 (Figure S16).
Use the same zoom setting or focal length of the lens (e.g. 35 mm) for each photo; it is
easier to match the photos if no zoom is used. The zoom setting should be recorded in
Part 2 of the photopoint monitoring field datasheet (Figure S16).
Part 2 - camera
Digital (model/make)
camera type (details)

SLR (model/make)

other (please specify)

Cannon powershot S5is

zoom/focal length details (if any)

No zoom

Figure S16. Record information about the type of camera used and its settings in Part 2 – camera.

Use a camera post to support the camera (this may also be the star picket used to mark
the camera location). The location of the camera post should be the same each time a
photo is taken.
The position of the camera should be 1.5 m high. If this is not possible, another
appropriate height should be chosen and recorded.
Remember to consistently use the same height for each photo taken at this location. A
tripod can also be used. This will help to stabilise the camera and ensure that the photo
is taken at the same height each time and that you have sufficient elevation to capture
changes in vegetation.
If it is possible to do so, on each occasion use a length of string, wire or cable tie to
mount a white-coloured board or card (approximately A3 size) on the sighter post facing
the camera post (see Figure S14) and label it with the unique site name and number,
photopoint ID, date, time and the main subject matter (e.g. bitou bush). The format for a
standardised label is provided in Appendix S5. Some people have successfully used a
small whiteboard and written on it with a whiteboard marker in the field. Alternatively, if
you have already established a clear identification marker for each of your photos then
you may want to continue to use these.
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Part 3 – description of the photos
Record the details of each photo in Part 3 (Figure S17):
Where possible take more than one photo just in case the first or previous photo is blurry
when viewed at a larger scale. Assign each photo taken with a unique identification
number in the photo ID section.
Record the name of the person taking the photo (photographer’s name).
Part 3 - description of the photos
photo ID

photographer's name

time of day

date

SSW - 1

Ferdinand Faire

10:00am

6/05/2009

(e.g. north)

sighter post distance

direction from the camera post SSW

subject of the photo

5 m

Native species on Plot 6 monitoring transect in SSW
direction - 11 months after initial control

photo ID

photographer's name

time of day

date

NNE - 1

Ferdinand Faire

10:00am

6/05/2009

(e.g. north)

sighter post distance

direction from the camera post NNE

subject of the photo

5 m

Native species on Plot 6 monitoring transect in NNE
direction - 11 months after initial control

photo ID

photographer's name

(e.g. north)

time of day

sighter post distance

direction from the camera post

date

subject of the photo
m

Figure S17. Record the details of each photo taken in Part 3 – description of the photos.

Try to take the photos at the same time of the day and preferably not in the middle
of the day as the light intensity will make the photo look flat and reduce the ability to
visually compare images. Record the time of day and date the photo was taken.
If it is not possible to use a north–south orientation, you should choose a time of day
that most avoids sun glare. Record the direction from camera post and the distance of
the camera post to the sighter post (sighter post distance).
Also include a brief description of the subject and purpose of the photo under subject of
the photo, e.g. native species on Plot 6 monitoring transect in SSW direction – 11
months after initial control.
Record any seasonal differences if your photos are taken at different times throughout
the year.
Avoid taking photos on heavily overcast or stormy days as again this will limit
comparison between photos.
Where scale is not apparent in your photo, include an object of known size in the photo
as a scale marker (e.g. a person, a clipboard, or a measuring rod). Make sure that this
scale marker does not obscure the subject of the photo.
Take previous photos into the field to help replicate them.
Note: Record the same details above for each photo you take at this photopoint location.
There is space for 3 photos on this field sheet. Use another copy of the photopoint
monitoring datasheet if more space is required.

Standard monitoring techniques – photopoints
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Part 4 – photo storage details
Office component:
Record the storage details in Part 4 for the three photos listed in Part 3 (Figure S18):
We recommend that all photopoint photos (digital or otherwise) be labelled in the
following way: site no_Management area_Date_Photopoint ID_Subject of the photo.
Examples of photo subjects are: bitou bush pre-control, native species pre-control, bitou
bush 2nd year of control, native species 2nd year of control, etc.
Photos of the broader landscape should also be labelled (e.g. Diamond Headland from
Bradley’s lookout_23June09) and stored.
For digital photos you must refer to both the filename and the location (e.g. network
drive and folder name).
If you store these photos on a compact disc you should record the cd name and
location as well as the name of a contact person and their details (e.g. position, email
address, phone number).
We recommend that you make a back-up copy of all photos (digital and hardcopy).
Digital photos should be backed-up to CD/DVD and preferably to a web server,
while back-up hardcopies should be stored separately from the original copy.

Part 4 - photo storage details
filename

location (e.g. network drive and folder name)

1 TAP2411_AreaC_6May09_Plot 6 SSW1_native sp 11 months post control

XXXX\monitoring\Bitou Bush long term monitoring\Photos

2 TAP2411_AreaC_6May09_Plot 6 NNE1_native sp 11 months post control

XXXX\monitoring\Bitou Bush long term monitoring\Photos

3
or
cd names and location

contact person

name

details

Ferdinand Faire

Project officer

Figure S18. The name and location of photo files should be recorded in Part 4 – photo storage
details.

Part 5 - landform
Use Part 5 (Figure S19) to record some general details about the photopoint location:
The elevation is measured as metres above sea level (m a.s.l.).
Slope is the inclination of the land and is generally measured using a clinometer or can
be estimated; it is expressed as a degree value. Record slope to the nearest degree.
The aspect is measured in the direction of downward slope. Do not record aspect if on
level land (less than 1° slope).
Part 5 - landform
elevation (metres
above sea level)

slope (degrees)

12

topography

3 degrees

aspect (e.g. degrees or
bearing)

NE

Figure S19. Record the details of the topography in Part 5 – landform.

Part 6 - description of site
Part 6 (Figure S20) provides space for you to write a detailed description of the site or
survey plot. Such information should include structural vegetation information and
prominent landscape features.
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Part 6 - description of site
describe the structural features of the site, including vegetation characteristics and any prominent landscape features

Description for Area C - Tall stratum to 20 m open forest dominated by Eucalyptus pilularis and Angophora costata , mid stratum to 8 m open
woodland dominated by Monotoca elliptica and Banksia serrata , ground layer to 2 m dominated by Chrysanthemoides monilifera subsp.

rotundata and Pteridium esculentum. Scattered clumps of Dianella congesta present closer to the beach.
There is a gully in the centre of Area C. Three plots are located on the slope down from the road, one is up the slope from the road.
General note for all monitoring areas - all areas situated behind a large frontal dune system, relativley sheltered from the wind; no fire
disturbance for the last 15-20 years; ground litter is really high at all sites; bitou control spraying occurred in December 2006 using 1 in 100
Roundup (glyphosate).

Figure S20. Record an overall description of the site in Part 6 – description of site.

Vegetation can generally be classified into 3 stratums or layers within the area being
surveyed. The tallest stratum refers to the tallest significant growth form present, usually
the canopy trees. The mid-stratum contains all layers between the tallest stratum and 1 m
in height. The lower stratum (or ground layer) includes all grasses and vegetation up to 1 m
tall. As a very simple site description you should record the dominant plant species within
each stratum and their growth form, e.g. tree, shrub, grass (following Walker & Hopkins
1990).
Prominent landscape features might include any distinguishing features of the vegetation,
e.g. mallee formation of trees or swampland; or landscape features such as rock outcrops
or mountain slopes. This section can also be used to make notes other than the above
about the site or survey plot.

Part 7 – mud map of site
Part 7 (Figure S21) allows you to roughly draw a sketch of your site and the location of
photopoints and/or plots, identifying any of the prominent vegetation or landscape features
described in Part 6. You could also use this section to describe access to your photopoint
location for future reference.
Part 7 - mud map of site
use this space to draw a mud map of your photopoint site indicating structural features and target species

Diagram of Area C

Diagram of Plot 6

Sighter post
1

3

Small clump of Dianella congesta
Large dead A. costata

7

Photopoints
& plots

Scattered clumps of
Dianella congesta

Admir
al Dri
ve
Car p
ark

path

One Mile Beach

6
gully

N

Anna Bay

Very dense bitou
Small stand of
adult B. serrata

Adult A. costata –
5 seedlings to the
SE within 5m2
Monotoca eliptica
Angophora costata
Eucalyptus pilularis

Figure S21. Part 7 – mud map of site provides a space to sketch the prominent landscape features
described in Part 6.
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Hand-drawn maps can be scanned and saved as an electronic file (e.g. a PDF).
Please submit copies of these maps to the Bitou TAP coordinator
(bitou.tap@environment.nsw.gov.au) when you submit the rest of your data.

Part 8 – disturbance history
Record the disturbance history at your site in Part 8 (Figure S22):
Tick the appropriate box as to whether there is evidence of previous disturbance at
your site.
If there is evidence of previous disturbance, record the disturbance type (e.g. fire,
flood, etc.), the time since disturbance if known (in months or years since the
disturbance last occurred), the accuracy of this time since disturbance (e.g. exact date
known, ±5 years), and the intensity of disturbance (Table S4).
If known, record the area affected (ha) by the disturbance.
Part 8 - disturbance history
tick box
yes
evidence of previous disturbance

no



disturbance type (e.g. fire)

time (mnths/yrs)
since disturbance

accuracy

disturbance intensity

Fire

15-20 yrs

approximate

medium

area affected

3 ha
ha
ha
ha
ha
ha

Figure S22. Record the details of the disturbance history of your site in Part 8 – disturbance
history.
Table S4. Some examples of disturbance and their intensity.
Disturbance

Intensity

Fire

Low intensity, medium intensity, high intensity

Flood

Slight, moderate, severe

Grazing

Slight, moderate, severe

Clearing

Slightly modified, moderately modified, highly modified

Logging

Selective, integrated, clearfell

Drought

Slight, moderate, severe

Salt spray

Slight, moderate, severe

Soil erosion

Slight, moderate, severe

Slope instability

Slight, moderate, severe

Trampling (people)

Slight, moderate, severe

Trampling (vehicular)

Slight, moderate, severe

Other e.g. wind, storm

Slight, moderate, severe
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3. Observational data
Determining the area to assess with observational
monitoring
There are two methods to determine the area from which you can collect data for each of
the techniques in this section, (1) a rectangle-based plot or (2) a radial-based plot. All of
the data observations can be recorded from within either of these two methods; however
the rectangle-based plot is the preferred method. Whichever plot you use, you need to
minimise the disturbance you cause when marking out the plot and collecting data. For
example, be careful not to crush small plants or seedlings.

1. Rectangle-based plot
Estimates and measurements should be taken from a plot for which one corner may be
conveniently located at the sighter post (as for the photopoints) or another permanently
located marker. If possible, orientate the plot away from the camera post and in the
direction of the photo. The length of the plot should be a minimum of 10 m. The tape
measure can be extended along the middle of the plot and observations should be recorded
within 1 m either side of the tape (Figure S23). This will give you a plot with the dimensions
of 10 m x 2 m, covering a total area of 20 m2.

1m

tape measure (10 m length)

1m

sighter post

Figure S23. Diagram of rectangle-based plot for presence/absence data, cover and density estimates.

2. Radial-based plot
Data should be taken from a radial plot using the sighter post (as for the photopoints) or
another permanently located marker as the centre point of the plot. Using a 5 m tape, walk
around the post in a circular manner and collect the data for each of the applicable
techniques (e.g. percentage cover estimates; Figure S24a).
N-compass point
camera post

camera post
walk
tape

tape

5m

5m

W-compass point
sighter post

sighter post

S-compass point

radial plot
a)

E-compass point

radial plot

b)

Figure S24. Diagram of the 5 m radial plot design for cover and density estimates, a) walk through
method and b) quadrant method.

If you are not able to easily walk through the vegetation, establish markers at the four
compass points of the circle, 5 m from the centre point (the quadrant method; Figure
S24b). This will make it easier to see if you are still within the 5 m radial when you are
walking through the site. This design will cover an area of 78.5 m2.
Standard monitoring techniques – observational data
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3a. Estimating vegetation cover and density
Description
Vegetation cover is a visual estimate of the proportion of the plot that is occupied by each
species, while vegetation density is the estimated number of individuals per unit area
(usually per m2). Both these estimated measures are informative, however to better assess
the response of your control program you also need to consider the age dynamics of the
target species over time (e.g. the percent cover and the number of seedlings and adult
plants). For example, if the density of bitou bush (i.e. the total number of individuals)
increases after control works, you might conclude that your control has not been effective.
This single measure is misleading, however, if all those individuals are seedlings. Knowing
that they are all seedlings provides a reflection of your control measures, whereas an
increase in numbers does not.
There are six cover classes used in this manual for estimating overall cover (Table S5).
These cover classes should be used as guidelines when it comes to determining the
percentage cover of vegetation that you see in the field.
Table S5. Vegetation cover classes for grasses, shrubs and trees (modified from Walker & Hopkins
1990).
Description
Cover
class

Very
dense

Dense

Sparse

Very
sparse

Isolated
plants
Absent
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Percentage

>75%

51–75%

26–50%

6–25%

1–5%

0%

Grasses, forbs, etc.

Shrubs

Individual plants are
touching or
overlapping – forming
a monoculture with
few other species
present. Individuals
may be very densely
clumped.
Individual plants are
slightly separated or
touching – not forming
a monoculture, with
other plants present or
bare ground.
Individuals may be
densely clumped.

The crowns or edges of
individual plants of the
target species are
either touching or
overlapping one
another – forming a
monoculture with few
other species present.
The crowns or edges of
individual plants of the
target species are
either slightly
separated or touching
– not forming a
monoculture, with
other plants present or
bare ground.
The crowns or edges of
individual plants of the
target species are
clearly separated.
Other plants present or
bare ground.

As for shrubs.

As for shrubs except
the degree of crown
separation is higher.

Individuals are scarce
or scattered. Small
clumps may occur.

The crowns or edges of
individual plants of the
target species are wellseparated. Other plant
species dominate and
typically occur
between the target
species.
Individual plants of the
target species are
scarce or scattered.

The target species is
not present.

As for grasses, forbs,
etc.

Individual plants are
clearly separated or
rarely touching.
Individuals may be
moderately clumped.
Other plants present or
bare ground.
Individual plants are
well separated. Other
plant species dominate
and typically occur
between the target
species. Small clumps
may occur.

Trees

As for shrubs.

As for shrubs except
the degree of crown
separation is higher.

As for shrubs except
the individual plants of
the target species are
further apart.
As for grasses, forbs,
etc.
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Following the definitions from Walker and Hopkins (1990), a tree is a woody plant more
than 2 m tall with a single stem or branches well above the base; a shrub is a woody plant
that is multi-stemmed at the base (or within 2 m from ground level) or, if single-stemmed,
less than 2 m tall. Plants that are smaller than shrubs include grasses, sedges and forbs.
Descriptions are given for these three different growth forms of plants (Table S5).
If the target species in your plot can be assessed using several cover classes (e.g. a high
degree of patchiness for the species) then you should provide an overall estimate of cover
using the mid-point value. For example, if you have a patch of dense, sparse and very
sparse bitou bush over your plot then the mid-value would be sparse (26-50%).

Collecting the data
Part 1 – cover/density estimates
Field component:
List the target species found in your plot.
Estimating cover is best achieved by visually assessing the (live) foliage that is projected
over the ground when viewed from above. The cover estimate is then determined as a
percentage of the area examined, expressed as one of the preset cover classes. Record
this information in Part 1 (Figure S25).
To estimate density, estimate the total number of (live) individuals (or if the number is
small, count the actual number of live individuals) of the target species present (both
adults and seedlings). Record this information under density estimate.
Part 1 - cover / density estimates
density
estimate

cover class (tick box)
target species

0%

1-5%

6-25%

26-50%

51-75%

>75%

number

1

Tetratheca juncea



2

2

Macrozamia flexosa



5

3

Banksia serrata




8

4

Monotoca elliptica

5

Dianella caerulea

6

Lantana camara



17

7

Chrysanthemoides monilifera ssp. rotundata



32



5
10

8
9
10

Figure S25. Record the cover and density estimates in Part 1- cover/density estimates. To
estimate cover, enter the names of the target species on the left, then tick the box corresponding to
the cover classes given in Table S5. Estimate the total number of individuals in your plot and enter
this number under density estimate.

Office component:
The density of the target species (e.g. 10 plants per metre squared or 10 plants m-2) is
relative to the area of the plot, which can be calculated as described in the example below.
Use the following example to work out the density of plants relative to the area surveyed.
1. Rectangle-based plot
Using the dimensions of a 10 m long plot that is 2 m wide will give you an area sampled of 20 m2:
Calculation: Area = length x width
Area = 10 m x 2 m
Area = 20 m2

Standard monitoring techniques – observational data
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If you sampled 23 individual plants of the same species within the 10 m x 2 m plot then the density
for that species is 1.15 plants m-2:
Calculation: Density = # plants / area
Density = 23 / 20
Density = 1.15 plants m-2
2. Radial-based plot
Using a 5 m radius (r) to mark out a radial plot around the sighter post gives you an area sampled of
78.5 m2:
Calculation: Area = π r2
Area = 3.14 x (5 m x 5 m)
Area = 78.5 m2
Using the same example as for the rectangle plot, if you sampled 23 individual plants of the same
species within the 5 m radial plot then the density for that species is 0.29 plants m-2:
Calculation: Density = # plants / area
Density = 23 / 78.5
Density = 0.29 plants m-2

Part 2 – age dynamics of the target species
Field component:
You can choose to record the age dynamics of your target species using cover or density
estimates (Figure S26), however these two measures give quite different results. If using
cover, you will record the proportion of your plot that is covered by each life stage (Table
S6).
Table S6. Categories used to describe shrub/tree life stages.
Category

Description

Seedling

Newly germinated/emerged seed which still has cotyledons and is yet to establish

Juvenile

An established plant that is not yet reproductive

Adult

An established and reproductive plant

Dead plants

A dead plant that has not yet decayed

Note: If there are a large number of individual plants within your plot (e.g. many
seedlings), you may find it easier to estimate the percent cover of each life stage rather
than the density.
Part 2 - age dynamics of the target species
method used: cover

density



target species

estimate the percentage cover or number of individuals
within each life stage category
seedlings

juveniles

adults

dead plants

total

1

Tetratheca juncea

+

+

2

+

=

2

2

Macrozamia flexosa

+

+

5

+

=

5

3

Banksia serrata

+

2

+

=

8

4

Monotoca elliptica

+

+

5

+

=

5

5

Dianella caerulea

+

+

10

+

=

10

6

Lantana camara

10

+

2

+

=

17

7

Chrysanthemoides monilifera ssp. rotundata

30

+

0

=

37

4

+

2

+

5

+

2

+

5

8

+

+

+

=

9

+

+

+

=

10

+

+

+

=

Figure S26. Recording life stage dynamics in Part 2 – age density dynamics of the target species
provides information about how your target species are responding to the control.
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Tick whether you are using cover or density to record the age dynamics of the target
species.
List the target species present in your plot.
For percentage cover, estimate the percentage cover of the individuals present in your
plot that are in each life stage category (Table S6).
For density, estimate the proportion of individuals in your plot that are within each life
stage category (Table S6).
Record this information in Part 2 (Figure S26).
Note: If you have overlapping layers then the sum of cover values for all four categories
combined may be more than the overall percentage cover. This will occur, for example, if
you have seedlings growing underneath an adult plant. In contrast, the density estimates
are the estimated number of individuals in your plot in each of the four life stage categories.
Plants that are re-sprouting after fire or some other damage should be included in the adult
life stage.
Note: The total cover or density in Part 2 may be greater than that recorded in Part 1
because of the inclusion of dead plants in Part 2.
If you would prefer a more accurate measure of cover or density you will need to undertake
the advanced monitoring techniques.

Graphing the data
Office component:
We recommend that you graph your data to observe how the control activity affects
estimates of vegetation cover and density. It is possible to graph 1) changes in cover and
density over time at a single plot, 2) cover and density at several plots at a single point in
time, or 3) the age dynamics of a target species at a single plot.
Appendix S7 contains detailed instructions on how to graph cover, density, and age dynamic
data using Microsoft Excel, however any graphing software can be used.

3b. Additional ecological information
Description
Additional ecological information includes a range of characters that further describe the
condition of your plots. All additional ecological information is collected in the field in parts
3–6 of the Standard monitoring datasheet – observational data. Attach an additional
sheet if more space is required.

Collecting the data
Field component:

Part 3 – reproductive status
For each of the target species already recorded, this section allows you to record whether
the plants are:
not reproducing, in flower, in fruit, or have vegetative propagules at the time of
monitoring. Simply tick the appropriate box (Figure S27).
If a species has individuals in all three categories then tick all the boxes.
The flowering and fruiting times of many species are still unknown so any phenological
(flowering or fruiting) information will be useful. This can also be compared to the dates at
which monitoring for particular species occurs at other locations.
Standard monitoring techniques – observational data
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Tetratheca juncea

2

Macrozamia flexosa

3

Banksia serrata

4
5



Lantana camara



7

Chrysanthemoides monilifera ssp. rotundata





8

Monotoca elliptica

 

9

Dianella caerulea



fruit

target species
6

vegetative
propagules

no
reproduction

fruit



tick box
vegetative
propagules

target species
1

flowers

no
reproduction

tick box

flowers

Part 3 - reproductive status

10

Figure S27. Record a range of reproductive information in Part 3 – reproductive status.

Part 4a – ecological communities – condition
Describe the condition of the ecological communities within your management area in Part
4a (Figure S28):
List the ecological communities that occur within this management area (if there are
more than one) and estimate the proportion of the EEC that falls into each condition
category (poor, partly degraded, or good; Table S7). These categories are a measure
of the community’s health and overall structural integrity.
Part 4a - ecological communities - condition
condition (estimate percentage in each category)
target ecological community
1 Coastal Banksia Woodlands

poor

(Banksia integrifolia )

partly degraded

20

good

80

2
3

Part 4b - ecological communities - description
describe the structural features of the ecological communities including dominant species

Tall stratum to 15 m open forest dominated by Banksia integrifolia var. integrifolia with some occurrences of Casuarina equisetifolia . No
real mid-stratum in this community, ground layer dominated by Imperata cylindrica , Pteridium esculentum and Chrysanthemoides monilifera
subsp. rotundata. This ecological community occurred more to the north-east of Plot 6, Area C - not actually within the sampled area.

Figure S28. Part 4 – ecological communities – condition provides space for you to record
information on endangered ecological communities.
Table S7. Categories describing the condition of ecological communities
Category

Description

Poor

majority of individuals sick/unhealthy. There is a limited age structure (i.e.
no seedlings).

Partly degraded

mixture of sick/dying and healthy individuals and/or a poor age structure
(i.e. few seedlings and mostly adults).

Good

majority of individuals within the population are healthy. There is a mix of
age classes (i.e. seedlings through to adults).
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Part 4b – ecological communities – description
Record structural features of the ecological communities in Part 4b (Figure S28). This might
include dominant species and their growth form (refer to Hamilton et al. 2008).
An example for a Themeda grassland community would be ‘Closed tussock grassland
dominated by Themeda australis, co-occurring species include Hibbertia scandens and Viola
banksii. Banksia integrifolia and Monotoca elliptica occur as occasional emergents in the
community.’
For a littoral rainforest community, an example might be ‘Dense closed forest dominated by
Cupaniopsis anacardioides, Pittosporum undulatum, and Lophostemon confertus. Eucalyptus
tereticornis as emergent individuals in the community.’
If you would like to be more descriptive you could also include the dominant species that
occur in each stratum, as opposed to just the dominant one.

Part 5 – response to control
Record the control technique that is used in this management area in Part 5 (Figure S29):
For each of the target species recorded in Parts 1, 2 and 3, record their response to the
control technique used (Figure S29). There are seven categories for response to control
(following the Best Practice Guidelines for Aerial Spraying of Bitou Bush in NSW (Broese
van Groenou & Downey 2006); Table S8).
If necessary, provide additional comments on the response or why you are unsure.
Part 5 - response to control
control technique used

response categories:

ground spraying using 1:100 Roundup

L = ≤25% damage, none dead

LD = ≤25% dead plants

AD = all dead

M = >25% damaged, none dead

MD = >25% dead

Unsure

target species

response

1

Tetratheca juncea

ND

2

Macrozamia flexosa

ND

3

Banksia serrata

L

4

Monotoca elliptica

ND

5

Dianella caerulea

ND

6

Lantana camara

MD

7

Chrysanthemoides monilifera ssp. rotundata

MD

ND = no damage

comments

the majority of adult plants were dead

8
9
10

Figure S29. List the control activity that occurs at a site, and record the response of your priority
species to the activity in Part 5 – response to control.
Table S8. The seven categories for vegetation response to control.
Category

Description

No damage

there has been no damage to target plant population due to control

L (low damage)

≤25% of target plant population has been damaged, with no dead plants

M (moderate damage)

>25% of target plant population has been damaged, with no dead plants

LD (low dead)

≤25% of target plant population is dead

MD (moderate dead)

>25% of target plant population is dead

AD (all dead)

all individuals of target plant population are dead

Unsure

you are unsure of the damage to your target plant population; detail the
reasons why you are unsure

Standard monitoring techniques – observational data
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Part 6 – other weed species
In this section (Figure S30) you should list all other weed species that occur within your plot
which are not currently being managed. We recommend that you consider weed species
which are currently being managed as target species.
For each unmanaged weed species listed:
Record the % cover (using the same categories as described for the target species in Part
1) by ticking the appropriate box (Figure S30).
The section titled change since last monitoring allows you to record the changes that
you observed since the last time you completed this datasheet for monitoring purposes
(this does not need to be completed for your first monitoring event). Tick the appropriate
box (see Table S9 for definitions).
Part 6 - other weed species

1

cover class (tick box)
0%

1-5%

6-25%

26-50%

51-75%



Senna pendula

>75%

no change

target species

decrease

list other weed species that are not currently being managed

increase

change since last
monitoring



2
3
4
5

Figure S30. Part 6 – other weed species provides space to record pertinent information on the
response of other weed species to control.
Table S9. Definitions of terms describing change since last monitoring.
Category

Description

Increase

the % cover of the weed species has increased since you last monitored

Decrease

the % cover of the weed species has decreased since you last monitored

No change

there has been no change in the % cover of the weed species since you last
monitored
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4. Control and monitoring activities
Introduction
It is also important to document what you did during your control program, along with the
associated costs of implementing control activities and monitoring the vegetation’s
response. Too often such information is not documented; however, this is just as important
as any other data as it underlies the effort required to get the response.
Information on control and monitoring activities needs to be collated on an annual
basis. Time and dollars spent should therefore be expressed as values per annum.
This information can be recorded in the Standard monitoring datasheet – control activities
and the Standard monitoring datasheet – monitoring activities. Like the other datasheets,
these sheets have space at the top to record the information which links all datasheets for a
site (Figure S31). However, while previous datasheets have collected information for a
single plot each time it is monitored, the control and monitoring datasheets collect this
information on an annual basis and across a site (and therefore multiple plots).
These datasheets are therefore designed to capture all the control and monitoring
activities across your site within a year, without duplication.
What constitutes a site is largely up to you, however we recommend that this is based at
the estate level (e.g. national park, property, council estate) if the estate is relatively small
and there are few stages of control occurring simultaneously, or at the scale of a
management area within an estate (e.g. an area where the same management techniques
are being applied, such as an area in the same stage and year of control); there may be
multiple management areas within an estate.
Bitou TAP site no.

2411

Site name

Example NR Long-term plots

Management area

One Mile Beach, Area C

Control stage

stage 1, year 2

Date

6/7/2009

Observers

Ferdinand Faire, Tom maleza, Sarina Kasvi

Control and
Monitoring area

(e.g. stages 1-3 in your site plan)

Area C - this includes plots 4 and 6 (photopoints and plots), photopoint 2, and the 10 random quadrats in Themeda
grasslands near photopoint 2

Figure S31. The top section of the Standard monitoring datasheet – control activities. This
datasheet collates information throughout a management area and across a number of monitoring
plots.

Description of fields at the top of control and monitoring activities
datasheets (Figure S31)
Bitou TAP site no.: the number allocated to your site in the Bitou Bush Threat
Abatement Plan.
Site name: the name allocated to your site in the Bitou Bush Threat Abatement Plan.
Management area: the broad area in which you will be conducting the control and/or
monitoring (e.g. One Mile Beach), and the specific area as defined in your site
management plan and map (e.g. Area C).
Control stage: the current stage of control for your management area at the time of
monitoring.
Date: the date you are recording the annual control and monitoring activities.
Observers: the names of the people recording the annual control and monitoring
activities.
Control and Monitoring area: the area to which the control and monitoring activities
recorded on these sheets relate, for example, this may be the management area, or the
entire estate.

Standard monitoring techniques – control and monitoring activities
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4a. Control activities
Description
You must document the activities you undertook each year to control bitou bush and other
weed species at your site. You must include (1) the control method/technique used, (2)
your management area, (3) the specific area treated, and (4) the species treated (e.g. bitou
bush and lantana). Also you need to record the details of the person/s who actually
undertook the control activities (e.g. the contractor’s name). There are also record keeping
requirements under the NSW Pesticides Act 1999
(www.environment.nsw.gov.au/pesticides/pesticidesact.htm) which you must also adhere to
in New South Wales. A scientific licence is also required under Section 132C of the National
Parks and Wildlife Act 1974
(http://www.environment.nsw.gov.au/legislation/NationalParksAndWildlifeAct1974.htm) for
any activity which may harm a threatened species, an endangered population or an
endangered ecological community, or damage their habitat.

Collecting the data
Field component:

Part 1a – persons undertaking control activities
List the names of the person/s, and their contact details, who undertook control in this
management area (Figure S32). Attach another sheet if more room is needed.
Part 1a - persons undertaking control activities
1 name (person, contractor or community group)

phone

email

organisation

1 Tom Maleza

9585 xxxx

maleza@environment.nsw.gov.au

DECC/NPWS

2 Sally Plants

9200 8200

plants@bushwhackers.com

BushWhack Pty Ltd

3 Robert Weeds

9100 8100

weeds@exdune.net.au

Example Dunecare

Figure S32. List the persons undertaking the control activities, their contact details and their
organisational affiliation in Part 1a – persons undertaking control activities.

Part 1b – control methods
Details of the control methods used at a site are recorded in Part 1b (Figure S33).
Part 1b - control methods

Lantana camara



3

C. monilifera ssp. rotundata



fire

2

slashing



cut & paint



hand
removal

C. monilifera ssp. rotundata & L. camara

target weed species

aerial spray

foliar spray

1

initial

follow-up

method used (tick box)

Details: e.g. chemical
concentration or application rates.
Include dates or specific areas
treated if desired.
If another, unlisted method was
used, then specify.

Roundup 1:100. Backpack spray




BushWhacker vols (8 ppl/4 hrs/month)
Roundup 2L/ha. Aerial boom spray

total
volume
(L)

area
treated
(ha)

100
16
160

4
5
6
7
8
9
10

Figure S33. Identify the weed species managed and the methods used in Part 1b – control
methods.
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List each of the target weed species being managed. Group species that are being
treated simultaneously.
For each of the managed target weed species, tick the box if the control is initial or
follow-up (Figure S33).
Select the method used for this area by ticking the appropriate box (e.g. foliar spray,
aerial boom, aerial spot, cut & paint, hand removal, slashing, or fire).
Record the details of the methods used, such as chemical concentrations of pesticides
and application rates, or details regarding volunteer groups.
If the method used is not in this selection, please specify the other method used.
Use this space to record other pertinent information, such as dates of application or other
relevant details.
Record the total volume of pesticide used for a particular species and control technique.
Record the total area treated (ha) using each technique.
Office component:
Unfortunately information on the long-term specific expenditure of individual weed control
programs is lacking. This can reduce our ability to deliver adequate policy initiatives,
influence management, and lobby for funding. Thus, it is essential to document the costs
incurred (both real and in-kind) in the control of bitou bush and other weed species. The
specifics include the costs of materials (e.g. herbicides), contractors and in-kind
contributions (e.g. from a volunteer group) as well as office costs (e.g. planning your
control program). This information needs to be collected each year, including the costs of
follow-up control.

Part 2 – the cost of your control activities
Using the same target weed species as identified in Part 1, this section allows you to record
the cost associated with your control activities (Figure S34).
Part 2 - the cost of your control activities
control costs: labour costs do not include in-kind contributions
in-kind
hours (no.)

target weed species
1

C. monilifera ssp. rotundata & L. camara

2

Lantana camara

3

C. monilifera ssp. rotundata

paid hours
total labour
x rate ($/hr) = cost ($) +
(no.)

60

30

1800

materials
($)

+

contractor
($)

850

=

total cost
($)

2650
0

384
5000

5000

5000

7650

4
5
6
7
8
9
10

totals

384

60

30

1800

850

Figure S34. Record the costs associated with control for each of the weed species being managed in
Part 2 – the cost of your control activities.

Record the number of in-kind hours that were accrued. For example, if a community
group with eight members met once a week for four hours, then the annual number of
in-kind hours accrued would be 384. In-kind hours are not included in the costs of control
activities, however by recording them they will be available for future calculations of the
total effort required to control weeds at your site.
Record the total numbers of paid hours of control work for each target weed species.
For example, if 3 people worked 20 hours each, then this totals 60 hours. Work
performed both on-site and off-site should be recorded. This value should include the
number of hours spent planning your control activities at this site.
Standard monitoring techniques – control and monitoring activities
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Record the rate per hour for the work performed. If there are different rates for different
people undertaking the work then average the rate per hour to approximately reflect the
total cost of labour. Multiply the figures recorded for the hours and rates/hour to get the
total labour cost of your control activities.
Record the costs of any materials purchased for use in the control method.
Record the total costs of hired contractors, for example $5000 paid to contractors for
aerial spraying.
Calculate the total cost by adding the figures for the labour cost, materials and
contractor.
Sum the number of in-kind and paid hours worked, the total labour costs, the costs of
materials, contractors and the overall cost of control work. Average the rate per hour
paid to staff.
Ensure you save your control data using an easily recognisable file name. We
recommend Bitou TAP site no.__Site name_name of control and monitoring
area_control data.

4b. Monitoring activities
Description
You must also document the costs incurred in monitoring the response of bitou bush, other
weeds and native vegetation to control works. The specifics include the costs of paid labour,
materials (e.g. tape measures, posts, etc), contractors and in-kind contributions (e.g. from
a volunteer group), as well as office costs (e.g. getting datasheets printed as well as
entering and submitting the data to the Bitou TAP coordinator). However, the number of
days spent monitoring is also a very useful measure for future reference and planning.

Collecting the data
Office component:

Part 3a – monitoring undertaken
Has monitoring been undertaken at your site?: tick either yes or no as to whether
monitoring has occurred on your site (Figure S35).
If no monitoring has occurred, detail why.
Part 3a - monitoring undertaken
yes
has monitoring been undertaken at your site?

no



if not, why?

Figure S35. Record whether monitoring has occurred in Part 3a – monitoring undertaken. If no
monitoring has occurred document why not.

Part 3b – monitoring program
This section requires you to list your monitoring sites within the area recorded on these
datasheets (Figure S36), and record details of the monitoring at those sites:
List all the monitoring sites, including identifying details.
Select the technique (by ticking the appropriate box) that is used to monitor each of the
sites listed following the terminology used in this manual, i.e. standard, advanced or
research study (Figure S36).
Further identify the method used to monitor by ticking the appropriate box for map,
photopoint, or observational data.
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For advanced or research monitoring, specify the method used, or use this space to
record other comments (Figure S36).
Part 3b - monitoring program
observational

map

photopoint

method

research

monitoring site

advanced

standard

technique

advanced or research monitoring method/comments

1 Plot 6 (photopoint and plot)



  

10 x 2 m plot

2 Plot 4 (photopoint and plot)



  

10 x 2 m plot

3 Photopoint 2



 


4 quadrats (Themeda grass @ photo 2)

10 random quadrats (2 x 5 m)

5
6
7
8
9
10

Figure S36. Record details of the sites, techniques, and methods used in your monitoring program in
Part 3b – monitoring program.

Part 4 – the cost of your monitoring activities
This section records the costs associated with monitoring at each of your monitoring sites
(Figure S37).
Part 4 - the cost of your monitoring activities

analysis
(hours)

monitoring site

monitoring
(hours)

in-kind
hours
(no.)

planning
(hours)

monitoring costs: labour costs do not include in-kind contributions

total
paid
hours

x

rate
($/hr)

total
labour
materials
contractor
= cost ($) +
+
=
($)
($)

total cost
($)

1 Plot 6 (photopoint and plot)

0.25

1.5

0.5

2.25

25

56.25

12.5

0

68.75

2 Plot 4 (photopoint and plot)

0.25

1

0.5

1.75

25

43.75

0

0

43.75

3 Photopoint 2

0.25

0.5

0

0.75

25

18.75

0

0

18.75

12

2

6

3

11

30

330

0

0

330

12

2.75

9

4

15.75

26.25

448.75

12.5

0

461.25

4 quadrats @ photo 2-Themeda grass
5
6
7
8
9
10

totals

Figure S37. Document the real and in-kind costs incurred in monitoring the response of bitou bush
and other weed species to the control in Part 4 – the cost of your monitoring activities.

List the monitoring sites as per Part 3b.
Calculate the total number of in-kind hours of monitoring accrued for a monitoring site.
For example, if two people volunteered the monitoring of random quadrats for 6 hours
each, then the total in-kind hours is 12. Note that there were also 6 paid hours
associated with this monitoring. In-kind hours are not included in the costs of monitoring
Standard monitoring techniques – control and monitoring activities
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activities, however by recording them here they will be available for future calculations of
the total effort required to monitor weeds and native vegetation at your site.
Record the number of paid hours that were spent planning, monitoring and
analysing monitoring data. Sum these values to calculate the total paid hours.
Record the rate per hour for the work performed. If there are different rates for different
people undertaking the work then average the rate per hour to approximately reflect the
total cost of labour.
Multiply the total paid hours by the rates/hour to get the total labour cost of your
monitoring activities.
Record the costs of any materials purchased for use in the monitoring.
Record the total costs of hired contractors.
Calculate the total cost by adding the values for the total labour cost, materials and
contractor.
Ensure you save your monitoring data using an easily recognisable file name. We
recommend Bitou TAP site no.__Site name_name of control and monitoring
area_monitoring data.
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Appendix S1. Photopoint monitoring field
datasheet
Standard Monitoring Datasheet - photopoint

page 1

Bitou TAP site no.

Site name

Management area

Control stage

Date

Observers

Time since control

(e.g. stages 1-3 in your site plan)

Photopoint no.

Area sampled

(e.g. 5m radius plot)

Part 1 - photopoint ID
easting

datum and zone

northing

photopoint location
description of location

Part 2 - camera
Digital (model/make)

SLR (model/make)

other (please specify)

camera type (details)
zoom/focal length details (if any)

Part 3 - description of the photos
photo ID

photographer's name

(e.g. north)

time of day

sighter post distance

subject of the photo

direction from the camera post

m

photo ID

time of day

photographer's name

(e.g. north)

sighter post distance
m

photo ID

time of day

(e.g. north)

sighter post distance

direction from the camera post

date

subject of the photo

direction from the camera post

photographer's name

date

date

subject of the photo
m

Part 4 - photo storage details
location (e.g. network drive and folder name)

filename
1
2
3

or
cd names and location
name

details

contact person

Appendix S1 – photopoint monitoring field datasheet
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Standard Monitoring Datasheet - site description

page 2

Part 5 - landform
elevation (metres
above sea level)

slope (degrees)

aspect (e.g. degrees or
bearing)

topography

Part 6 - description of site
describe the structural features of the site, including vegetation characteristics and any prominent landscape features

Part 7 - mud map of site
use this space to draw a mud map of your photopoint site indicating structural features and target species

Part 8 - disturbance history
tick box
yes

no

evidence of previous disturbance
disturbance type (e.g. fire)

time (mnths/yrs)
since disturbance

accuracy

disturbance intensity

area affected
ha
ha
ha
ha
ha
ha
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Appendix S2. Observational monitoring field
datasheet
Standard Monitoring Datasheet - observational data

page 1

Bitou TAP site no.

Site name

Management area

Control stage

Date

Observers

Time since control

Photopoint no.

(e.g. stages 1-3 in your site plan)

Area sampled

(e.g. 5m radius plot)

Part 1 - cover / density estimates
density
estimate

cover class (tick box)
target species

0%

1-5%

26-50%

6-25%

51-75%

>75%

number

1
2
3
4
5
6
7
8
9
10

Part 2 - age dynamics of the target species
density

estimate the percentage cover or number of individuals
within each life stage category
seedlings

juveniles

adults

total

dead plants

1

+

+

+

=

2

+

+

+

=

3

+

+

+

=

4

+

+

+

=

5

+

+

+

=

6

+

+

+

=

7

+

+

+

=

8

+

+

+

=

9

+

+

+

=

10

+

+

+

=

target species

1

6

2

7

3

8

4

9

5

10

Appendix S2 – observational monitoring field datasheet

no
reproduction

fruit

tick box
vegetative
propagules

flowers

no
reproduction

target species

tick box

flowers

Part 3 - reproductive status

fruit

target species

vegetative
propagules

method used: cover
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page 2

Part 4a - ecological communities - condition
condition (estimate percentage in each category)
poor

target ecological community

partly degraded

good

1
2
3

Part 4b - ecological communities - description
describe the structural features of the ecological communities including dominant species

Part 5 - response to control
control technique used

target species

response categories:

ND = no damage

L = ?25% damage, none dead

LD = ?25% dead plants

AD = all dead

M = >25% damaged, none dead

MD = >25% dead

Unsure

response

comments

1
2
3
4
5
6
7
8
9
10

Part 6 - other weed species

cover class (tick box)
0%

1-5%

6-25%

26-50%

51-75%

>75%

no change

target species

decrease

list other weed species that are not currently being managed

increase

change since last
monitoring

1
2
3
4
5

48

Monitoring manual for bitou bush control and native plant recovery

Appendix S3. Control and monitoring
activities datasheet
Standard Monitoring Datasheet - control activites

page 1

Bitou TAP site no.

Site name

Management area

Control stage

Date

Observers

(e.g. stages 1-3 in your site plan)

Control and
Monitoring area

Part 1a - persons undertaking control activities
1 name (person, contractor or community group)

phone

email

organisation

1
2
3

Part 1b - control methods

fire

slashing

cut & paint

hand
removal

aerial spray

foliar spray

target weed species

follow-up

initial

method used (tick box)

Details: e.g. chemical
concentration or application rates.
Include dates or specific areas
treated if desired.
If another, unlisted method was
used, then specify.

total
volume
(L)

area
treated
(ha)

1
2
3
4
5
6
7
8
9
10

Part 2 - the cost of your control activities
control costs: labour costs do not include in-kind contributions
in-kind
hours (no.)

target weed species

total labour
paid hours
x rate ($/hr) = cost ($) +
(no.)

materials
($)

+

contractor
($)

=

total cost
($)

1
2
3
4
5
6
7
8
9
10

totals

Appendix S3 – control and monitoring activities datasheet
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Standard Monitoring Datasheet - monitoring activites

page 2

Bitou TAP site no.

Site name

Management area

Control stage

Date

Observers

(e.g. stages 1-3 in your site plan)

Control and
Monitoring area

Part 3a - monitoring undertaken
yes

no

has monitoring been undertaken at your site?

if not, why?

Part 3b - monitoring program

observational

map

photopoint

method

research

monitoring site

advanced

standard

technique

advanced or research monitoring method/comments

1
2
3
4
5
6
7
8
9
10

Part 4 - the cost of your monitoring activities

analysis
(hours)

monitoring site

monitoring
(hours)

in-kind
hours
(no.)

planning
(hours)

monitoring costs: labour costs do not include in-kind contributions

total
paid
hours

x

rate
($/hr)

total
labour
materials
contractor
= cost ($) +
+
=
($)
($)

total cost
($)

1
2
3
4
5
6
7
8
9
10

totals
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Appendix S4. Filled-in examples of each
datasheet
Standard Monitoring Datasheet - photopoint

page 1

Bitou TAP site no.

2411

Site name

Example NR Long-term plots

Management area

One Mile Beach, Area C

Control stage

stage 1, year 2

Date

6/05/2009

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Time since control

11 months

Photopoint no.

Plot 6

(e.g. stages 1-3 in your site plan)

Area sampled N/A

(e.g. 5m radius plot)

Part 1 - photopoint ID
easting

datum and zone

northing

417963

photopoint location
description of location

6375048

AGD66; 56H

Plot 6 is in Area C which is located to the left hand side of the track when you are heading towards the beach from the
carpark

Part 2 - camera
Digital (model/make)
camera type (details)

SLR (model/make)

other (please specify)

Cannon powershot S5is

zoom/focal length details (if any)

No zoom

Part 3 - description of the photos
photo ID

photographer's name

time of day

date

SSW - 1

Ferdinand Faire

10:00am

6/05/2009

(e.g. north)

sighter post distance

subject of the photo

5 m

direction from the camera post SSW

Native species on Plot 6 monitoring transect in SSW
direction - 11 months after initial control

photo ID

photographer's name

time of day

date

NNE - 1

Ferdinand Faire

10:00am

6/05/2009

(e.g. north)

sighter post distance

direction from the camera post NNE

subject of the photo

5 m

Native species on Plot 6 monitoring transect in NNE
direction - 11 months after initial control

photo ID

photographer's name

(e.g. north)

time of day

sighter post distance

direction from the camera post

date

subject of the photo
m

Part 4 - photo storage details
location (e.g. network drive and folder name)

filename
1 TAP2411_AreaC_6May09_Plot 6 SSW1_native sp 11 months post control

XXXX\monitoring\Bitou Bush long term monitoring\Photos

2 TAP2411_AreaC_6May09_Plot 6 NNE1_native sp 11 months post control

XXXX\monitoring\Bitou Bush long term monitoring\Photos

3
or
cd names and location

contact person

name

details

Ferdinand Faire

Project officer

Appendix S4 – filled-in examples of each datasheet
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Standard Monitoring Datasheet - site description

page 2

Part 5 - landform
elevation (metres
above sea level)

12

topography

aspect (e.g. degrees or
bearing)

slope (degrees)

3 degrees

NE

Part 6 - description of site
describe the structural features of the site, including vegetation characteristics and any prominent landscape features

Description for Area C - Tall stratum to 20 m open forest dominated by Eucalyptus pilularis and Angophora costata , mid stratum to 8 m open
woodland dominated by Monotoca elliptica and Banksia serrata , ground layer to 2 m dominated by Chrysanthemoides monilifera subsp.

rotundata and Pteridium esculentum. Scattered clumps of Dianella congesta present closer to the beach.
There is a gully in the centre of Area C. Three plots are located on the slope down from the road, one is up the slope from the road.
General note for all monitoring areas - all areas situated behind a large frontal dune system, relativley sheltered from the wind; no fire
disturbance for the last 15-20 years; ground litter is really high at all sites; bitou control spraying occurred in December 2006 using 1 in 100
Roundup (glyphosate).

Part 7 - mud map of site
use this space to draw a mud map of your photopoint site indicating structural features and target species

Diagram of Area C

Diagram of Plot 6

Sighter post
1

3

Small clump of Dianella congesta
Large dead A. costata

7

Photopoints
& plots

Scattered clumps of
Dianella congesta

6
One Mile Beach

gully

Admir
al Dri
ve
Car p
ark

N

path

Anna Bay

Adult A. costata –
5 seedlings to the
SE within 5m2

Very dense bitou
Small stand of
adult B. serrata

Monotoca eliptica
Angophora costata
Eucalyptus pilularis

Part 8 - disturbance history
tick box
yes
evidence of previous disturbance

no



disturbance type (e.g. fire)

time (mnths/yrs)
since disturbance

accuracy

disturbance intensity

Fire

15-20 yrs

approximate

medium

area affected

3 ha
ha
ha
ha
ha
ha
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Standard Monitoring Datasheet - observational data

page 1

2411

Site name

Example NR Long-term plots

One Mile Beach, Area C

Control stage

stage 1, year 2

Date

6/05/2009

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Time since control

11 months

Bitou TAP site no.
Management area

Photopoint no.

(e.g. stages 1-3 in your site plan)

Area sampled 10m x 2m transect

Plot 6

(e.g. 5m radius plot)

Part 1 - cover / density estimates
density
estimate

cover class (tick box)
target species

0%

1-5%

26-50%

6-25%

51-75%

>75%

number

1

Tetratheca juncea



2

2

Macrozamia flexosa



5

3

Banksia serrata

4

Monotoca elliptica

5

Dianella caerulea

6

Lantana camara



17

7

Chrysanthemoides monilifera ssp. rotundata



32



8



5



10

8
9
10

Part 2 - age dynamics of the target species
method used: cover

density



estimate the percentage cover or number of individuals
within each life stage category

target species

adults

juveniles

seedlings

dead plants

total

1

Tetratheca juncea

+

+

2

+

=

2

2

Macrozamia flexosa

+

+

5

+

=

5

3

Banksia serrata

+

2

+

=

8

4

Monotoca elliptica

+

+

5

+

=

5

5

Dianella caerulea

+

+

10

+

=

10

4

+

2

6

Lantana camara

10

+

5

+

2

+

7

Chrysanthemoides monilifera ssp. rotundata

30

+

2

+

0

+

5

=

17

=

37

8

+

+

+

=

9

+

+

+

=

10

+

+

+

=

6

Lantana camara



7

Chrysanthemoides monilifera ssp. rotundata



1

Tetratheca juncea

2

Macrozamia flexosa

3

Banksia serrata



8

4

Monotoca elliptica

 

9

5

Dianella caerulea





fruit

vegetative
propagules

target species

no
reproduction

fruit



tick box
vegetative
propagules

flowers

no
reproduction

target species

tick box

flowers

Part 3 - reproductive status

10

Appendix S4 – filled-in examples of each datasheet

53

Standard Monitoring Datasheet - observational data

page 2

Part 4a - ecological communities - condition
condition (estimate percentage in each category)
target ecological community
1 Coastal Banksia Woodlands

poor

partly degraded

(Banksia integrifolia )

20

good

80

2
3

Part 4b - ecological communities - description
describe the structural features of the ecological communities including dominant species

Tall stratum to 15 m open forest dominated by Banksia integrifolia var. integrifolia with some occurrences of Casuarina equisetifolia . No real
mid-stratum in this community, ground layer dominated by Imperata cylindrica , Pteridium esculentum and Chrysanthemoides monilifera subsp.

rotundata. This ecological community occurred more to the north-east of Plot 6, Area C - not actually within the sampled area.

Part 5 - response to control
control technique used

ground spraying using 1:100 Roundup

response categories:

ND = no damage

L = ?25% damage, none dead

LD = ?25% dead plants

AD = all dead

M = >25% damaged, none dead

MD = >25% dead

Unsure

target species

response

1

Tetratheca juncea

ND

2

Macrozamia flexosa

ND

3

Banksia serrata

L

4

Monotoca elliptica

ND

5

Dianella caerulea

ND

6

Lantana camara

MD

7

Chrysanthemoides monilifera ssp. rotundata

MD

comments

the majority of adult plants were dead

8
9
10

Part 6 - other weed species

1

Senna pendula

1-5%

6-25%



26-50%

51-75%

>75%

no change

cover class (tick box)
0%

decrease

list other weed species that are not currently being managed
target species

increase

change since last
monitoring



2
3
4
5
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Standard Monitoring Datasheet - control activites
Bitou TAP site no.
Management area
Date
Control and
Monitoring area

page 1

2411

Site name

Example NR Long-term plots

One Mile Beach, Area C

Control stage

stage 1, year 2

6/7/2009

Observers

Ferdinand Faire, Tom maleza, Sarina Kasvi

(e.g. stages 1-3 in your site plan)

Area C - this includes plots 4 and 6 (photopoints and plots), photopoint 2, and the 10 random quadrats in Themeda
grasslands near photopoint 2

Part 1a - persons undertaking control activities
1 name (person, contractor or community group)

phone

email

organisation

1 Tom Maleza

9585 xxxx

maleza@environment.nsw.gov.au

DECC/NPWS

2 Sally Plants

9200 8200

plants@bushwhackers.com

BushWhack Pty Ltd

3 Robert Weeds

9100 8100

weeds@exdune.net.au

Example Dunecare

Part 1b - control methods

Lantana camara



3

C. monilifera ssp. rotundata



fire

2

slashing



cut & paint



hand
removal

C. monilifera ssp. rotundata & L. camara

target weed species

aerial spray

foliar spray

1

initial

follow-up

method used (tick box)

Details: e.g. chemical
concentration or application rates.
Include dates or specific areas
treated if desired.
If another, unlisted method was
used, then specify.

total
volume
(L)

100

Roundup 1:100. Backpack spray



area
treated
(ha)

16

BushWhacker vols (8 ppl/4 hrs/month)



160

Roundup 2L/ha. Aerial boom spray

4
5
6
7
8
9
10

Part 2 - the cost of your control activities
control costs: labour costs do not include in-kind contributions
in-kind
hours (no.)

target weed species
1

C. monilifera ssp. rotundata & L. camara

2

Lantana camara

3

C. monilifera ssp. rotundata

total labour
paid hours
x rate ($/hr) = cost ($) +
(no.)

60

30

1800

materials
($)

+

contractor
($)

850

=

total cost
($)

2650

384

0
5000

5000

5000

7650

4
5
6
7
8
9
10

totals

384

60

30

Appendix S4 – filled-in examples of each datasheet
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Standard Monitoring Datasheet - monitoring activites
Bitou TAP site no.
Management area
Date
Control and
Monitoring area

page 2

2411

Site name

Example NR Long-term plots

One Mile Beach, Area C

Control stage

stage 1, year 2

6/7/2009

Observers

Ferdinand Faire, Tom maleza, Sarina Kasvi

(e.g. stages 1-3 in your site plan)

Area C - this includes plots 4 and 6 (photopoints and plots), photopoint 2, and the 10 random quadrats in Themeda
grasslands near photopoint 2

Part 3a - monitoring undertaken
yes

no



has monitoring been undertaken at your site?

if not, why?

Part 3b - monitoring program

observational

map

photopoint

method

research

monitoring site

advanced

standard

technique

advanced or research monitoring method/comments

1 Plot 6 (photopoint and plot)



  

10 x 2 m plot

2 Plot 4 (photopoint and plot)



  

10 x 2 m plot

3 Photopoint 2



 


4 quadrats (Themeda grass @ photo 2)

10 random quadrats (2 x 5 m)

5
6
7
8
9
10

Part 4 - the cost of your monitoring activities

analysis
(hours)

monitoring site

monitoring
(hours)

in-kind
hours
(no.)

planning
(hours)

monitoring costs: labour costs do not include in-kind contributions

total
paid
hours

x

rate
($/hr)

total
total cost
materials
contractor
labour
= cost ($) +
+
=
($)
($)
($)

1 Plot 6 (photopoint and plot)

0.25

1.5

0.5

2.25

25

56.25

12.5

0

68.75

2 Plot 4 (photopoint and plot)

0.25

1

0.5

1.75

25

43.75

0

0

43.75

3 Photopoint 2

0.25

0.5

0

0.75

25

18.75

0

0

18.75

12

2

6

3

11

30

330

0

0

330

12

2.75

9

4

15.75

26.25

448.75

12.5

0

461.25

4 quadrats @ photo 2-Themeda grass
5
6
7
8
9
10

totals
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Appendix S5. Standardised label for
photopoints

Site name:
Site no.:
Photopoint ID:
Date:
Time:
Subject of photo:
Appendix S5 – standardised label for photopoints
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Appendix S6. Sample map layers
Layer 1 – base map

58
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Layer 2 – location of priority species

Appendix S5 – standardised label for photopoints
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Layer 3 – location of priority ecological communities

60
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Layer 4 – location of bitou bush infestations

Appendix S5 – standardised label for photopoints
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Layer 5 – location of other weed species

62
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Layer 6 – the area/s where you plan to control bitou bush

Appendix S5 – standardised label for photopoints
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Layer 7 – the specific stages of your bitou bush control
program

64
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Layer 8 – location of monitoring programs

Appendix S5 – standardised label for photopoints
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Layer 9 – area actually controlled

66
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Appendix S7. Graphing your data
For all methods you must first enter your data electronically into a spreadsheet or
database, such as Microsoft Excel or Access.
Appendix S7 provides instructions on how to record and graph your data using Microsoft
Excel. Other spreadsheets, databases and graphing software, however, can also be used.
We recommend you insert a section at the top of each data sheet to record what the data
is, and when, where, and how it was collected. You can easily and quickly identify, for
example, that the data in Figure S38 is cover category data collected from a 2 x 10 m plot
associated with photopoint Plot 6, and that this plot is located with Area C of Example NP
(Bitou TAP site number 2411). The name of the file that contains this data sheet is also
recorded at the top of the sheet.

Graphing vegetation cover
You will need to convert your percentage cover ranges to cover categories following Table
S10.
Table S10. Cover classes, percentage cover and the corresponding cover categories.
Cover class
Very dense
Dense
Sparse
Very sparse
Isolated plants
Absent

Percentage cover
>75%
51-75%
26-50%
6-25%
1-5%
0%

Cover category
5
4
3
2
1
0

1) Graphing vegetation cover over time
Use the following steps to create a graph of vegetation cover over time:
1. Enter the target species’ names and the cover category recorded for each target species
in separate columns (e.g. columns A and B; Figure S38.). Insert new data into the next
column to the right each time a site is surveyed (e.g. columns C to E).

Figure S38. Vegetation cover data for seven target species collected at 6-month internals. Select the
data to plot it using a clustered column graph, the default chart.

Appendix S7 – graphing your data
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2. Select the data you wish to graph, then insert a chart (click Chart Wizard
on the
Standard toolbar, or click Chart on the Insert menu; Figure S38).
3. Click Next to select a clustered column graph (Figure S38).
4. Select ‘Series’ in ‘Rows’. Click Next until you get to Step 3 of the Chart Wizard (Figure
S39).
5. Enter an appropriate title for the graph (e.g. ‘Vegetation cover (cover category) of target
species at plot 6 (Area C) over time’) and names for the axes (e.g. ‘Target species’ for
the x-axis and ‘Cover category’ for the y-axis; Figure S39).
6. Click Finish to finish creating your graph and insert it into your Excel sheet (Figure S40).
You have now graphed the cover of your target species over time.

Figure S39. Enter a graph title and axis labels.

The default colours and text formats of the graph can be changed; refer to the help menu of
Microsoft Excel for further guidelines.
Graphing your data in this way will depict changes in vegetation cover over time at a single
plot only.

Figure S40. The finished chart depicting the vegetation cover of seven target species monitored at 6month intervals.

This graph can be copied and inserted into another document, such as a report.
Ensure you save your data using an easily recognisable file name. We recommend
Bitou TAP site no._Site name_Management area_ plot no._vegetation cover.
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2) Graphing vegetation cover across several plots
1. List your target species in one column (e.g. column A; Figure S41) and enter the name of
one of your plots at the top of the next column (e.g. cell B11; Figure S41).
2. Enter the cover values beside each corresponding target species at that plot (e.g. cells
B12:B18; Figure S41).
3. Insert data for additional plots into the next column to the right (e.g. columns C to D;
Figure S41).
4. Follow steps 2–6 outlined in Graphing vegetation cover over time above.
It is important to note that this will only plot data from a single survey. To plot general
trends in vegetation cover across several plots over time you will need to combine the
relevant data. This process is covered in the Advanced monitoring techniques.

Figure S41. You can graph cover data from several plots by entering plot data into columns. This uses
the same data format as was used to graph cover data at one plot over time.

This graph can be copied and inserted into another document, such as a report.
Ensure you save your data using an easily recognisable file name. We recommend
Bitou TAP site no._Site name_Management area_ plot no._vegetation cover.

3) Graphing age dynamics of vegetation cover at a single plot
1. List the four life stage categories (seedlings, juveniles, adults and dead) in the first
column (e.g. column A; Figure S42).
2. In the next column to the right, enter the proportion/percentage of cover in each life
stage at a site (e.g. cells B13:B16; Figure S42). Note that the sum of the cover of the
four life stages is more than 100%, as there are seedlings and juveniles underneath
adult and dead plants.
3. Insert new data into the next column to the right each time a site is surveyed (e.g.
columns C to E; Figure S42).
4. Follow steps 2–6 outlined above under Graphing vegetation cover over time.
The final figure (Figure S43) illustrates that there was an increase in the cover of bitou bush
seedlings after the initial control; this later declined. The percentage cover of adult plants
declined dramatically after the initial control.
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Figure S42. Calculate the proportion or percentage of cover within each life stage category for the
target species you wish to examine, then select a clustered column graph.

Figure S43. A clustered column graph of the age dynamics of bitou bush (% cover) in response to
control activity.

This graph can be copied and inserted into another document, such as a report.
Ensure you save your data using an easily recognisable file name. We recommend
Bitou TAP site no._Site name_Management area_ plot no._vegetation cover_age
dynamics_species name.

Graphing vegetation density
You will need to convert your counts of individuals to densities using the methods described
on pages 33-34.

1) Graphing vegetation density over time
1. Enter the target species’ names in one column and the density of each species in the
following column (e.g. columns A and B; Figure S44).
2. Insert new data into the next column to the right each time a site is surveyed (e.g.
columns C to E; Figure S44).
3. Calculate the density of each of your target species each time you survey a site. Target
species not found during the survey will have a value of 0.
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4. Select the data you wish to plot, then insert a chart (click Chart Wizard
on the
Standard toolbar, or click Chart on the Insert menu).
5. Click Next to select a clustered column graph (as for graphing vegetation cover).
6. Select ‘Series’ in ‘Rows’. Click Next until you get to Step 3 of the Chart Wizard.
7. Enter an appropriate title for the graph (e.g. ‘Density of target species at Plot 6 (Area C)
over time’) and names for the axes (e.g. ‘Target species’ for the x-axis and ‘Density (per
m2)’) for the y-axis).
8. Click Finish to finish creating your graph and insert it into your Excel sheet (Figure S44).
You have now graphed the density of your target species.
The default colours and text formats of the graph can be changed; refer to the help menu of
Microsoft Excel for further guidelines.
Figure S44 indicates that the density of most target native species increased after weed
control. Initially, however, bitou bush also increased in density. You can graph the age
density dynamics of a species to understand why this might be happening.

Figure S44. Calculate the density of your target species each time you survey a site. Use the chart
wizard to plot the changing densities.

This graph can be copied and inserted into another document, such as a report.
Ensure you save your data using an easily recognisable file name. We recommend
Bitou TAP site no._Site name_Management area_ plot no._vegetation density.

2) Graphing vegetation density across several plots
1. List your target species in one column (e.g. column A; Figure S45) and enter the name of
one of your plots at the top of the next column (e.g. cell B11; Figure S45).
2. Enter the density values beside each corresponding target species in that plot (e.g.
column B; Figure S45).
3. Insert data for additional plots in the next column to the right (e.g. columns C to D;
Figure S45).
4. Follow steps 4–8 outlined in Graphing vegetation density over time above.

This graph can be copied and inserted into another document, such as a report.
Ensure you save your data using an easily recognisable file name. We recommend
Bitou TAP site no._Site name_Management area_ plot no._vegetation density.
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Figure S45. You can graph the density of target species at several plots using the same data format as
was used to graph density data at one plot over time.

3) Graphing the age dynamics of a target species using vegetation density
To graph the age density dynamics of any species you must first calculate the density of
individuals that fall into each life stage (Figure S46).
1. List the four life stage categories (seedlings, juveniles, adults and dead) in the first
column (e.g. column A; Figure S46).
2. In the next column to the right, enter the density of individuals in each life stage at a site
(e.g. column B; Figure S46).
3. Insert new data into the next column to the right each time a site is surveyed (e.g.
columns C to E; Figure S46).
4. Follow steps 4–8 outlined above under Graphing vegetation density over time.

Figure S46. A clustered column graph of the age dynamics of bitou bush in response to control.

The final figure (Figure S46) illustrates that the density of bitou bush initially increased after
control, due to an increase in the number of seedlings. The density of adult plants declined
dramatically after control.
This graph can be copied and inserted into another document, such as a report.
Ensure you save your data using an easily recognisable file name. We recommend
Bitou TAP site no._Site name_Management area_ plot no._vegetation density_age
dynamics_species name.
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Advanced monitoring techniques
The Advanced monitoring techniques are the second tier in this manual. This tier uses a
number of quantitative sampling techniques and concepts to collect data that is more
objective than the data collection methods outlined in the Standard monitoring tier.
Compared with the Standard tier, these additional techniques and concepts increase the
rigour and repeatability of data collection, and reduce the likelihood of different observers
collecting different results. However, these techniques will take longer to implement in the
office and in the field.
As in the Standard tier, the Advanced tier is largely prescriptive and detailed instructions
are given on how to monitor the response of (i) bitou bush, (ii) priority native species and
ecological communities, and (iii) other weeds, to bitou bush control. There are three steps
to designing an Advanced monitoring program:
1.
2.
3.

Select a sampling method based on the category of vegetation you wish to monitor
and its life form (pages A5–9).
Establish unbiased sampling units (e.g. plots) based on whether you want your
sampling units to be randomly or systematically arranged, and the starting points to be
fully-random or pseudo-random (pages A10–16).
Sample your vegetation using
a. line-intercept transects (pages A19–23)
b. quadrats (pages A24–29)
c. T-square sampling (pages A30–33), or by
d. combining sampling methods (pages A34–37).

These steps and techniques do not require extensive resources or further reading
(background reading is provided below for those who wish to know more); instead, you only
need to follow the instructions appropriate to the vegetation life form that you are
monitoring. There is scope, however, for you to select between several different methods,
and you will need to think carefully about what you want to monitor and how rigorous your
results need to be before you start, as well as any site constraints.

Requisite methods for the Advanced monitoring techniques
To undertake the Advanced techniques, you first need to complete the mapping component
of the Standard monitoring techniques. The maps you create will include the location of
bitou bush and the priority native species and ecological communities within your site, your
proposed weed control program, and the location(s) of the monitoring program you develop
using the techniques outlined in this tier. Refer to page 3 of the Standard tier for details on
creating maps.
We recommend that you complete the photopoint monitoring outlined in the Standard tier
(page 24). Photopoints provide a valuable record of vegetation responses to weed control
and are widely accepted by funding bodies as evidence of project outcomes. Monitoring
data collected using the Advanced techniques will provide quantitative data to
support the visual changes captured using photopoints, and there is no need for
you to complete the observational data section of the Standard tier.
You must complete the control and monitoring costing section in the Standard tier
(pages 39–44), as this section collates information on the time and funds spent controlling
weeds and monitoring vegetation responses using all techniques. Records of control and
monitoring activities are just as important as the other monitoring data.

Background to the Advanced monitoring techniques
This section provides a brief definition and overview of the sampling techniques and
concepts covered in the Advanced tier. If you already have some experience with
monitoring, or wish to gain more experience, you are also encouraged to read the
Additional information section starting on page A38, which provides further details on the
Advanced monitoring techniques – background information
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techniques and concepts covered in this tier. All concepts mentioned are further developed
in the Research tier.

Sampling methods
The sampling methods described in this manual are based around three different methods
of data collection (hereafter referred to as sampling methods): line-intercept transects,
quadrats, and T-square sampling.
Line-intercept transects are one-dimensional plots (i.e. a single line, often a tape
measure) that are primarily used to measure canopy cover, though presence/absence can
also be measured. Estimates of cover within line-intercept transects are generally less
subjective than those in quadrats because actual cover is measured, rather than estimated
within broad categories. Line-intercept transects can be used to measure any type of
vegetation, and they are commonly used to survey changes in vegetation along an
environmental gradient or through differing habitats. Pre-determined line-intercept transect
dimensions (e.g. length) are used in the Advanced techniques (see Tables A5 and A6),
though other dimensions are also possible. Importantly, however, transect dimensions must
be recorded and kept constant for all subsequent sampling events at that site.
Quadrats are two dimensional plots that can be square, rectangular or even round.
Quadrats can be used to sample any type of vegetation. Cover, density, and
presence/absence can all be measured within quadrats. Long, thin quadrats are often
referred to as transects, though these differ from line-intercept transects (see above). Predetermined quadrat dimensions are used in the Advanced techniques (see Tables A5 and
A6), though other dimensions are also possible. Importantly, however, quadrat dimensions
must be recorded and kept constant for all subsequent sampling events at that site.
T-square sampling is what is called plotless sampling, i.e. there are no marked boundaries
to the sampling unit, other than the boundaries of your monitoring area. T-square sampling
is a nearest-neighbour sampling method for estimating density. It uses the distance
between a randomly selected starting point and the nearest plant, together with the
distance between that plant and its nearest neighbour, both measured along a straight line
from the starting point, to estimate density. T-square sampling is used to monitor large or
scattered trees when quadrat sampling is impractical, although it can also be used for other
growth forms, especially if at low densities. Density is the only index of abundance that can
be measured with this method. Note that the density of trees is unlikely to change quickly,
however, so this technique is more useful for comparing densities between areas than
changes over time.

Measuring vegetation
Plants vary greatly in size and vegetation communities differ greatly in their structure. This
presents challenges when deciding at what scale to sample and what measures to use.
Furthermore, a range of plant and community characteristics can be sampled, each of which
provides a slightly different measure of vegetation response to weed control. Vegetation
measures in this manual are grouped into indices of abundance, demographic
measures, and measures of the response to control.
Indices of abundance are the primary technique used to assess vegetation responses to
weed control in the Advanced tier. While it is possible to measure the actual abundance
(number of individuals) of a particular target species within a monitoring area, the size of a
monitoring area or the number of individuals present often makes this impractical. Other
measures which provide an index (i.e. an indication) of abundance are therefore commonly
used. A wide range of census techniques are available to estimate an index of abundance,
three of which are referred to here (Table A1). Of these, cover and density are the
preferred indices of abundance as they provide more detailed data than
presence/absence.
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Table A1. Measures to estimate an index of plant abundance.

Data type

Definition

Cover

the proportion of ground within a sampling unit (transect
or quadrat) that is covered by the vertical projection of
all individuals of a species
the number of individuals of a species in a sampling unit
(a transect, quadrat or the monitoring area for T-square
sampling)
a record of whether a species is found in a sampling unit
or not

Density
Presence/Absence

Additional
information
on page
A39
A40
A40

In addition to indices of abundance, a range of demographic measures can be sampled to
provide additional data on how the vegetation is responding to weed control (Table A2). If
possible these demographic measures should be recorded, however, the time spent
monitoring demographic measures should not overly reduce the amount of abundance data
you collect. If you have time to survey only a limited number of demographic measures, we
recommend and request that you focus on the measures indicated in Table A2 with an
asterisk (*).
Table A2. Demographic measures to monitor vegetation responses to weed control (in alphabetical
order).
Demographic
measure
Diameter at
breast height
(DBH)
Height
Life history
dynamics*
Reproductive
status*
Species richness
Species diversity

Definition
The diameter of a tree trunk at breast height,
approximately 1.3 m above ground level. The diameter of
the main stems on shrubs should be measured at the base
of the shrub
The maximum height (or length) of the plant
Incorporates measures of seedlings, juveniles, adults and
dead plants (see Table A3 for definitions)
Whether the plant or species has/had flowers, fruits,
vegetative propagules or no signs of reproduction
A count of the number of species within a sampling unit
An index of the ‘evenness’ of species or their relative
abundance

Additional
information
on page
A41

A41
A41
A43
A43
A43

* Give preference to recording these measures.

The response to control measure refers to the response of vegetation to herbicides or
other control methods. This should also be recorded for each method and species. See page
A44 for further information.
All vegetation measures described in this manual can be used to monitor plants
from all life history stages (Table A3).

Table A3. Definitions of life history stages used to record life history dynamics.
Category
Seedling
Juvenile
Adult
Dead plants

Description
Newly germinated or an emerged plant which still has cotyledons or first leaves
An established plant that is not yet reproductive
An established and reproductive plant
A dead plant that has not yet decayed
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Understanding experimental design
Before establishing sampling units at your site you should take into account four key
sampling considerations (Table A4). These sampling considerations will be adequately
addressed if you follow the methods described in this manual.
Table A4. Essential sampling considerations for Advanced monitoring.
Sampling
concept
Unbiased
sampling
Interspersion
Independence
Replication

Definition
Sampling units are placed without bias within the
landscape, or the starting point of systematic samples is
selected without bias
Sampling units are dispersed throughout the study area
Sampling units are placed far enough apart so that
measurements in one sampling unit are not affected by
what has happened in other sampling units
Multiple sampling units are established according to the
concepts above. Vegetation attributes are measured in
each sampling unit

Additional
information
on page
A45
A46
A47
A47

Unbiased sampling units can be distributed either randomly or systematically. When using
random sampling, the starting points of all sampling units are selected randomly. In
contrast, systematic sampling uses a randomly selected starting point as the location of
the first sampling unit, with subsequent sampling units placed at regular distances from the
starting point. The regular placement of quadrats along transects, or the placement of small
transects along the length of large transects are examples of systematic sampling. See page
A10 for methods.
We recommend you use systematic sampling unless your monitoring area is too
small to ensure independence of the sampling units.
By their nature, random sampling units will be distributed independently of one another;
however, it is important that systematic sampling units are also independent. The minimum
distance needed to ensure independence will depend on the type of vegetation you are
monitoring: a smaller distance is needed if you are sampling small life forms such as herbs
or grasses than if you are sampling shrubs, and an even larger distance is needed if you are
sampling trees.
To ensure independence, we recommend you separate systematic sampling units by at least
the distance of their longest side. For example, systematic sampling units of 2 x 10 m
quadrats would be separated by a minimum of 10 m, while 2 x 25 m quadrats would be
separated by at least 25 m. Similarly, systematic line-intercept transects of 25 m would also
be separated by 25 m. This same distance rule should be used to determine the minimum
distance between systematic transects of sampling units.
When determining the distance between systematic transects, you should also consider the
need for interspersion throughout your study area. That is, if you are able to establish
only a few systematic transects of sampling units then the distance between transects
should be larger than if many transects were being established.
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Selecting a sampling method
To simplify the process of developing a monitoring program, the Advanced techniques
prescribed are based on the life form of the species you wish to monitor (as described in
Native Plant Species at Risk from Bitou Bush Invasion, Hamilton et al. 2008). These life
forms have been organised into categories to assist you with choosing the correct sampling
method:
Category 1: Plant species (native or alien)
Category 2: Ecological communities
Category 3: Rare plant species

Category 1 – Plant species
The sampling methods for Category 1 – plant species are described based on the life form
of each species (native or alien). Species are grouped into the three life form sub-categories
outlined below:
1.

Tree – a woody plant usually greater than 5 m high, with a single distinct trunk/stem.

2a. Shrub – a many-branched woody plant, 2–8 m high for tall shrubs, 1–2 m high for
small shrubs and less than 1 m for low or subshrubs. This sub-category includes bitou
bush.
2b. Climber/scrambler – a climbing or scrambling plant with long, typically thin stems
that are not self-supportive. Those that climb rely on external support to obtain
height, often through the use of hooks or tendrils. Maximum height is generally
dependent on the height of the climbing support available. Also called vines or twiners.
2c.

Fern – a non-woody plant with fronds, growing primarily in damp or moist situations.
Reproduction is typically by spores borne in sporangia on the underside of fronds or in
nut-like structures.

3a. Herb – a plant that does not produce a woody stem, although it may seem woody at
the base. Examples include lilies and orchids.
3b. Grass/sedge – a non-woody plant often forming tussocks or groups of closely
aggregated stems, usually less than 1 m high. These plants typically have small
flowers enclosed by bracts that form spikelets. Examples include the Poaceae and
Cyperaceae families.
Once you have selected your target species for monitoring (i.e. bitou bush and the native
and other weed species), allocate each to a sub-category above.
As in the Standard tier, the term target species refers to those species you have
chosen to monitor (natives and weeds).

Sampling methods for non-rare plant species
Use Table A5 to determine which method you will use to monitor target species. Two
options are provided within each of the survey types: the first is the preferred option ( )
and the second an alternative option ( ). Your monitoring aims and the characteristics of
your site such as access, topography and ease of setting up plots will determine which
option you choose. This will require you, as the land manager, to determine what best suits
your needs. The tree category is the exception, as only preferred methods are presented;
select your method based on the density of tree species in your monitoring area. Refer to
the page numbers provided for detailed instructions for each method.
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Table A5. Sampling methods for Category 1 – plant species. The first sampling method ( ) is the
preferred method, while the second sampling method ( ) is the alternative method; trees are the
exception, with the preferred method based on tree density.
Sampling
unit
dimensions
n/a

Minimum
number of
samples
3–5 starting
points

Cover or
density

20 m x 50 m

3–5
quadrats

Cover

25 m

Cover or
density

2 m x 25 m

3–5
transects
3–5
quadrats

Cover or
density
Cover

2mx2m

Sampling method

Abundance
index
Density

1. Trees

T-square sampling if
uncommon (<5 ha-1)
(p. A25)
Quadrats if
common (>5 ha-1)
(p. A21)

2. Shrubs,
climbers/scramblers
and ferns
(incl. bitou bush)

Line-intercept
transects (p. A17)
Quadrats
(p. A21)

3. Herbs,
grasses/sedges

Quadrats
(p. A21)
Line-intercept
transects (p. A17)

Life form category

10 m

3–5
quadrats
3–5
transects

The presence/absence of species can also be measured using quadrats and line-intercept
transects; however, as this measure provides only limited information, and is not a
preferred option, it is not listed in Table A5.
Note: The suggested sampling unit dimensions and minimum number of samples in Table
A5 are guidelines only. You should complete more replicates and/or adjust the size of the
area sampled to suit your site and monitoring needs/questions. Refer to the Additional
Information section (page A38) for further details.
Note: If you plan on monitoring species from all three life form categories then it may be
practical to combine methods to save time and effort when sampling. Refer to page A34
for some examples of how to do this and when it is appropriate.

Sampling for cryptic species
Particular care must be taken if the target species you are monitoring is cryptic. Cryptic
species are those which are difficult to find or detect in the landscape. Causes of crypsis can
be divided into two categories:
Category A: lifecycle, seasonality (e.g. many orchids are only visible above ground when
flowering), and similarity between species (e.g. species are only easily distinguishable when
flowering), or
Category B: camouflage (e.g. growth form is hard to detect or distinguish) or size (e.g.
very small plants).
How you sample cryptic species will depend on which category they fall into:
Category A: sample as for Category 1 – plant species (above), but based on the species’
ecology or when the species is most easily sampled/detectable (e.g. seasonality), or
Category B: undertake a systematic search of your monitoring area and identify patches or
individual plant locations. Sample the located individuals as per Category 1 – plant species
(Table A5) if random or systematic samples can be placed within the area containing the
cryptic species. Otherwise, sample according to rare species monitoring (see page A8; Table
A7). Note: Samples targeted to species patches will not be random and cannot be analysed
as such.
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Category 2 – Ecological communities
Monitoring ecological communities is more complex than monitoring single target species of
interest. Ecological communities are groups of species that occur together in a particular
area, with the particular flora composition of a community determining its structure. The
exact species composition of an ecological community can vary between sites due to both
natural (e.g. limited ranges or adaptations to different climatic regimes) and anthropogenic
(e.g. the effects of urbanisation or clearing) factors. The identification guide (Hamilton et al.
2008) lists the ecological communities at risk from bitou bush invasion.

Sampling methods for ecological communities
Two survey types are described here for sampling ecological communities (Table A6), a
survey of (i) the whole community (a floristic survey), or (ii) a sub-set of the community
(3–5 species within each life form category; dominant survey). Two options are provided
within each of the survey types: the first is the preferred option ( ) and the second an
alternative option ( ) (Table A6). Your monitoring aims and the characteristics of your site
such as access, topography and ease of setting up plots will determine which option you
choose. This will require you, as the land manager, to determine what best suits your
needs. The tree category is the exception and only preferred methods are presented; select
your method based on the density of tree species in your monitoring area. Refer to the page
numbers provided for detailed instructions for each method.
Table A6. Sampling methods to use for Category 2 – ecological communities, based on the life forms
of the species encompassed.

Life form category

1. Trees

2. Shrubs,
climbers/
scramblers and
ferns

Minimum
number of
samples
3–5 quadrats

Survey
type

Sampling
method

Abundance
index

Area
sampled

Floristic
survey

Quadrats
(p. A21)
T-square
sampling
(p. A35)

Cover or
density
Density

20 m x 50 m
n/a

3–5 random
starting points

Quadrats
(p. A21)
Line-intercept
transects
(p. A17)
Line-intercept
transects
(p. A17)
Quadrats
(p. A21)

Cover or
density
Cover

2 m x 25 m

3–5 quadrats

25 m

3–5 transects

Cover

25 m

3–5 transects

Cover or
density

2 m x 25 m

3–5 quadrats

Quadrats
(p. A21)
Line-intercept
transects
(p. A17)
Line-intercept
transects
(p. A17)
Quadrats
(p. A21)

Cover or
density
Cover

2mx2m

3–5 quadrats

10 m

3–5 transects

Cover

10 m

3–5 transects

Cover or
density

2mx2m

3–5 quadrats

Dominant
survey

Floristic
survey

Dominant
survey

Floristic
survey
3. Herbs,
grasses/sedges
Dominant
survey

The presence/absence of species can also be measured using quadrats and line-intercept
transects; however, as this measure is not preferred, it is not listed above.
Note: If stratification within life forms is an important feature of your vegetation community
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(e.g. littoral rainforest), you should also sample within each strata. For dominant
surveys, you should monitor species from each dominant life form category in
your ecological community. Floristic surveys by nature will encompass all lifeforms.
Note: While monitoring all the species at a site (floristic survey) will provide the most
detailed information on a community’s recovery after weed control, the complexity of many
ecological communities means that this will be highly time consuming.
Note: If you plan on monitoring species from all three categories then it may be practical to
combine methods to save time and effort when sampling. Please refer to page A34 for
some examples of how to do this and when it is appropriate.

Category 3 – Rare plant species
Rare species are species that are not common in the landscape. They may exist only in one
or a few restricted geographic areas or habitats, or occur in low numbers over a relatively
broad area.

Sampling methods for rare species
Occasionally a particular site or location may be the stronghold for a particular rare species
and the species may be locally abundant. If this is the case for the species you wish to
monitor, it would be possible to sample the species according to the Category 1 methods
outlined above.
Often, however, rare species exist in very low numbers and the methods for sampling
outlined for Category 1 are not suitable. For example, if there is only one individual of a rare
species within your site, then sampling using random quadrats will most likely not detect
that individual, and a different sampling approach is required. Because there is only one
preferred monitoring approach for rare species in such circumstances, the rare sampling
methods are outlined here. Note: For Category 1 methods see Tables A5 for further details.

Collecting the data
Office component:
1.
2.
3.

Become familiar with your target rare plant species so you can identify it in the field and
where it might occur (e.g. the preferred habitat).
Collate information on known locations of the rare target species (e.g. for herbarium
records in NSW see PlantNet - http://plantnet.rbgsyd.nsw.gov.au/).
Rare species sampling field datasheets should be printed out in the office prior to going
to the field. Datasheets are supplied in Appendix A4 along with completed versions in
Appendix A5. They can also be downloaded from
www.environment.nsw.gov.au/bitouTAP/monitoring.htm. Alternatively download
datasheets onto a handheld computer/Personal Digital Assistant (PDA) for use in the
field. In rare species datasheet each row represents observations for an individual.

Field component:
4.
5.

6.
7.
8.

A8

Conduct a survey of your monitoring/management area to locate each individual of the
species, and determine if you need photopoints.
Once individuals are located, sample according to the life form of the species (Table
A7). You can choose to monitor all the individuals located, or if there are too many to
monitor practically, then randomly select a subset of individuals to monitor (using a
random number generator – see below) and write it in the comments box. Table A7 lists
the sampling measures for all species and those specific to a life form category.
Record only individuals of one target rare species per datasheet.
Record the location of each individual sampled with the Easting and Northing on the
datasheet (unless they are clumped together or within close proximity to each other).
Record information for the variables or sampling measures outlined in the ‘All life form
categories’ row and the respective life form row in Table A7.
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9.

You must also complete the control and monitoring costing data sheets (see pages
39–44 of the Standard tier).

Life history dynamics
10. Record the life history category (seedling, juvenile, adult or dead; Table A3) of each
individual. Tick the respective Life history columns, or mark with a ‘D’ for dead plants.
Diameter at breast height (DBH)
11. For rare trees and appropriately-sized shrubs record the diameter at breast height (m)
of each individual in the respective DBH (m) column. If individuals are seedlings or
juveniles (saplings) a DBH measure may not be appropriate; record n/a instead in the
appropriate box of the datasheet.
Height
12. Record the height of each individual in the respective Height (m) column. See the
height component in the Additional information section for guidance on how to estimate
height (page A41).
Reproductive status
13. Record whether each individual shows signs of reproduction. Place a tick in the
appropriate Reproductive status column(s) to indicate whether the individual shows
no sign of reproduction, or has flowers, fruits and/or vegetative propagules. Note: You
may record more than one response per individual of the target species.
Health status
14. Record the health status of each individual as sick, diseased or healthy. Tick the respective
Health status columns.

Evaluating the data
15. Data should be entered electronically into a spreadsheet or database for preservation as
soon as possible after collection. If using a spreadsheet program (e.g. Excel) record the
file name and location on the top of the datasheet so you can easily find the files later.
16. Complete data analysis soon after data collection. This will enable problems to be
identified early, and ensures that questions requiring additional field visits can be
identified. It is also more likely that questions that arise when entering field data can be
answered, because the field work is still fresh in your memory.
17. Refer to Evaluating data (Appendix A7) for detailed instructions on how to enter,
analyse and graph your data.
Table A7. Abundance and demographic measures for rare species monitoring. Sample measures must
be collected from both the all life forms category as well as the specific life-form of the target rare
species category.
Life form category

All life form categories

Sampling measures
Count all individuals (if the species is clumping, as for grasses, then count
each clump as an individual)
Record life stage (i.e. seedling, juvenile, adult)
Record reproductive status (i.e. flowering, fruiting, vegetative propagules,
no reproduction)
Record health status (i.e. sick, diseased, healthy)
Measure diameter at breast height (DBH; 1.3 m above ground level)

1. Trees
2. Shrubs,
climbers/scramblers
and ferns
3. Herbs,
grasses/sedges

If less than 1.5 m tall, measure height of individual; if greater than 1.5 m
tall and single stemmed at 1.3 m, measure DBH of individual.
Measure heights of individuals
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Selecting unbiased sampling units
Sampling units need to be placed without bias to account for the variation present across
your site; if sampling units are biased then your result may be misleading. Unbiased
sampling units can be in a random or systematic arrangement, and the selection of
starting points can be fully-random or pseudo-random. Fully-random sampling units are
placed in the landscape using randomly generated coordinates, where the selection of
coordinates is constrained only by the boundary of your sampling area. In some situations,
however, vegetation density and/or terrain can make locating and re-visiting fully
randomised sampling units difficult or overly time consuming. In these instances, it is
possible to use a pseudo-random method to place sampling units. Pseudo-random
sampling units use pre-existing trails or roads as a base transect, with sampling units
placed at randomly selected intervals along this transect and potentially also at randomly
selected distances from it.
This section will first guide you on how to incorporate fully-random sampling into your
monitoring, followed by instructions to incorporate pseudo-random sampling (for more
information on the importance of random sampling see Appendix A6). For both methods,
examples are provided for selecting transect and quadrat locations. Fully- or pseudorandom starting points (random or systematic) for T-square sampling are generated using
the same methods as those for quadrats and line-intercept transects; no figures have been
provided due to the simplicity of this method. This section assumes you have a map or
aerial photo (with coordinates) outlining your study area and that you have already
completed the mapping section in the Standard tier. The methods outlined here will create
Layer 8 (‘location of monitoring programs’) of your composite map.

Selecting unbiased starting points
Use a random number generator to generate random coordinates. For fully-random
sampling (page A11), these random coordinates will be the starting points for each
sampling unit or a starting point for systematically distributed sampling units. You can also
use a random number generator to generate random distances for use in pseudo-random
sampling (page A14). Two examples of random number generators are:
websites such as www.random.org/integers/
the RANDBETWEEN function in Microsoft Excel: ‘=RANDBETWEEN(bottom,top)’, where
‘bottom’ and ‘top’ are the lowest and highest random numbers you would want
generated. Note: Insert the text between the quotation marks.
Once locations have been randomly selected, you can locate them using the spatial data
attached to the map. Locate these starting points in the field using your map and/or a
Global Positioning System (GPS) receiver.
The following section provides details on selecting unbiased starting points for a range of
fully- and pseudo-random sampling methods:

Fully-random sampling
random
random
random
random
random

line-intercept transects
systematic line-intercept transects
systematic line-intercept sub-transects
quadrats
systematic quadrats

Pseudo-random sampling
pseudo-random
pseudo-random
pseudo-random
pseudo-random
A10

line-intercept transects
systematic line-intercept transects
quadrats
systematic quadrats
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Fully-random sampling
Selecting fully-random sampling points
1.
2.

3.
4.
5.
6.
7.

Identify the values for x (i.e. longitude) and y (i.e. latitude) that encompass the area
where you want to perform the monitoring.
Predetermine whether the randomly selected coordinates will be used to locate the
beginning or the end of each transect, the specific corner of a quadrat (e.g. the southeastern corner), the starting point for T-square sampling, or the starting points of
systematic sampling units (also see specific methods for more details).
Randomly select x- and y-grid locations using a random number generator (see Figure
A1).
If all starting points are random, generate new x and y coordinates for each
transect/quadrat/T-square starting point you intend to set.
If starting points are systematic, generate new x and y coordinates for each systematic
starting point.
The random number generator can also be used to generate random distances, for
example the starting point of the first systematic quadrat on a transect (see random
systematic quadrats).
Locate your randomly selected starting points in the field using your map and/or a GPS
receiver.

Figure A1. Use the RANDBETWEEN function in Excel to
generate random x and y coordinates. In Figure A2, for
example, the monitoring boundary covers x values of 2
to 14 (i.e. numbers along the top) and y values of 4 to
18 (i.e. numbers down the left side). Therefore, the
formula to generate random x coordinates is
‘=RANDBETWEEN(2,14)’, and to generate y coordinates
(e.g. cell B6) is ‘=RANDBETWEEN(4,18)’. This example
contains five transect starting points.
1
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Figure A2. Example of five random line-intercept
transects. Note that the diagram is not to scale.

16
17

2.
3.

Randomly select 5 sets of coordinates
(Figure A1).
Place them on your map.
Locate the starting point of each transect
in the field.
Mark the beginning and the end of each
transect; transects should be oriented in a
pre-determined direction. In this example,
transects are oriented perpendicular to
the beach, thereby sampling vegetation
changes from the foredune to the
hinddune.

Random start
points

19
20
21
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Random systematic line-intercept
transects
1.
2.
3.

1

2

3

4

5

6

7

8

9

10

11 12

13

14

1

Randomly select a starting point for the
transect and mark on the map.
Measure out transect spacing (e.g. 125 m)
in the pre-determined orientation (e.g.
parallel to the beach).
Measure out transects (e.g. 25 m) in the
predetermined orientation. In this example,
transects are oriented perpendicular to the
beach, thereby sampling vegetation
changes from the foredune to the
hinddune.

2
3
4

Monitoring
area

5
6
7
8
9
10
11
12

Figure A3. Example of four random systematic lineintercept transects. Note that the diagram is not to
scale.
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1.

2
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Random systematic line-intercept
sub-transects

Monitoring
area

2.

5
6

3.

7
8
9
10
11
12
13
14
15
16

Randomly selected
starting point for
transect placement

17
18
19
20
21

Randomly selected
starting point along
transect for subtransect placement

4.

Randomly select a starting point for the
transect and mark on map.
Measure out transect spacing (e.g. 100
m) in the pre-determined orientation
(e.g. parallel to the beach).
Based on two sub-transects per transect,
randomly select a starting point for the
placement of the first sub-transect,
between 0 and 40 m. Next, mark out the
first 10 m sub-transect (ensuring that the
first sub-transect is within the first 50 m
of the main transect). Next, randomly
select a number between 0 and 40 m as
the starting point of the second subtransect (with 0 at the end of the first
sub-transect), ensuring that the
maximum distance between the two
starting points is 50 m.
Systematic transects should be oriented
in a pre-determined direction. In this
example, systematic transects are
oriented perpendicular to the beach,
thereby sampling vegetation changes
from the foredune to the hinddune.

Figure A4. Example of four transects of two
systematic line-intercept sub-transects each.
Note that the diagram is not to scale.
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1

Random quadrats
1.
2.
3.
4.

Randomly select 5 sets of coordinates
and mark on map.
Locate the starting point of each
quadrat in the field.
Pre-determine which corner of the
quadrat this point marks.
Mark out the four corners of each
quadrat; quadrats should be oriented in
a pre-determined direction. In this
example, quadrats are oriented
perpendicular to the beach.

Figure A5. Example of five random quadrats.
Note that the diagram is not to scale.
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1.

2
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Random systematic quadrats

Monitoring
area

2.

5

3.
4.

6
7
8
9
10
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12
13

5.

14
15
16

Randomly selected
starting point for
transect placement

17
18
19
20
21

Randomly selected
starting point along
transect for
quadrat placement

Randomly select a starting point and
mark on map.
Measure out transect spacing (e.g. 20 m)
in the pre-determined orientation (e.g.
parallel to the beach).
Measure out transects.
On each transect, randomly select a
starting point for the placement of the
first quadrat. If quadrats are to be 10 m
apart, for example, randomly select a
number between 0 and 10 as the first
starting point. All subsequent quadrats
are then placed along the transect at 10
m intervals.
Systematic transects should be oriented
in a pre-determined direction. In this
example, systematic transects are
oriented perpendicular to the beach,
thereby sampling vegetation changes
from the foredune to the hinddune.

Figure A6. Example of four transects of systematic
quadrats. Note that the diagram is not to scale.
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Pseudo-random sampling
Selecting pseudo-random sampling points
1.
2.
3.
4.
5.

6.
7.
8.

Identify and plot on Layer 8 of your map the beginning and end of the trail or road
(within your monitoring area) that you will use as your transect.
Pre-determine whether sampling units will be located at systematic or random distances
along this ‘transect’ from the first point.
Use a random number generator (e.g. Figure A1; page A11) to generate a distance
along the ‘transect’ to locate your first sampling point.
If sampling units are located at random distances from the previous starting point,
generate a new, random distance for each starting point.
If sampling units are systematic, randomly generate the distance of the first sampling
point along the transect. Distances between sampling points will depend on the size of
your sampling unit and the characteristics of the vegetation you are monitoring (see
page A4 for suggestions).
In addition to being placed at random intervals, you can also randomly generate the
distance from the ‘transect’ (trail) that the random sampling units will be placed.
Locate your randomly selected starting points in the field using your map and/or a GPS
receiver.
Sampling units should be oriented in a pre-determined direction. In this example
(Figure A7), transects are oriented perpendicular to the beach, thereby sampling
vegetation changes from the foredune to the hinddune. Note: your samples need to
remain within one vegetation community or target community. Due to their length and
the sampling areas, the first two are on the beach side of the trail and the remaining
three on the other.
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trail through
monitoring area
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3.

Randomly generate a distance along the
trail as the starting point.
Measure out the first transect at this point
in the pre-determined orientation (e.g.
perpendicular to the beach).
Place subsequent transects at random
distances along the trail from the starting
point.
Transects can be placed at random
distances from the trail.
Transects can be placed on one or both
sides of the trail, or the side can be
randomly selected.

Figure A7. Example of five pseudo-random lineintercept transects based around a pre-existing
trail. Note that the diagram is not to scale.

Randomly selected
starting point along trail

21
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4.

Note: Systematic sub-transects can also
be arranged along the length of the larger
transects, as per the fully random
systematic line-intercept transect
sampling (see Figure A4).
Figure A8. Example of five pseudo-random
systematic line-intercept transects using a preexisting trail as the underlying transect. Note
that the diagram is not to scale.
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Pseudo-random quadrats
1.
2.

6.
Quadrats placed at
random distances
along and from the
trail.
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3
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Randomly generate a distance along
the trail as the starting point.
Measure out the first transect at this
point in the pre-determined
orientation (e.g. perpendicular to the
beach).
Place subsequent transects
predetermined intervals along the
trail from the starting point (e.g. 125
m).
Transects can be placed on one or
both sides of the trail, or the side can
be randomly selected.

2

m

1.

1

12
5

Pseudo-random systematic lineintercept transects

7.

Randomly generate a distance along the
trail as the starting point.
Randomly generate a distance out from
the trail (in a predetermined direction) to
place the first quadrat (e.g. dashed lines
are the hypothetical paths from the
quadrat to the trail).
Predetermine which corner of the quadrat
this point marks.
Mark out the four corners of the quadrat.
Generate random distances along the trail
from the starting point to locate
subsequent quadrats.
Repeat steps 2–5 for subsequent
quadrats.
Quadrats can be placed on one or both
sides of the trail, or the side can be
randomly selected.

Figure A9. Example of eight pseudo-random
quadrats arranged along a pre-existing trail. Note
that the diagram is not to scale.
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Pseudo-random systematic quadrats
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6

7

8

9

10

11 12

13

14

1

Monitoring
area

2
3
4
5

Transects of
2 x 2 m quadrats
spaced 10 m apart

6
7
8
9
10
11

m

4.
5.

5

12
13
14
15
16
17

20

3.

4

m

2.

Randomly generate a distance along the
trail as the starting point.
Measure out the transect spacing (e.g. 20
m) from the starting point.
On the first transect, randomly select a
starting point for the placement of the
first quadrat. If quadrats are to be 10 m
apart, for example, randomly select a
number between 0 and 10 as the first
starting point. All subsequent quadrats
are then placed along the transect at 10
m intervals.
Repeat step 3 for subsequent transects.
Systematic transects should be oriented
in a pre-determined direction. In this
example, systematic transects are
oriented perpendicular to the beach,
thereby sampling vegetation changes
from the foredune to the hinddune.
Transects of quadrats can be placed on
one or both sides of the trail, or the side
can be randomly selected.
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Figure A10. An example of four pseudo-random
systematic transects of quadrats based around a
pre-existing trail. Note that the diagram is not to scale.
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Introducing sampling methods for Advanced
monitoring
The following section provides detailed instructions to complete the three advanced
sampling methods, and suggests ways to combine these techniques if you have target
species with different life-forms (i.e. and thus different methods), to save time in the field.

Standardised datasheets for the Advanced tier
Standardised monitoring datasheets have been designed for the Advanced tier to
minimise variability between observers. There are separate datasheets for the collection of
line-intercept transect, quadrat and T-square sampling data. A standard proforma
(datasheet) is also available to record information on rare species and the rare methods
described on page A8.
The field datasheets are intended to be used as a collective set of information for each
defined management area. To link the field datasheets, a section at the top of each
datasheet records the information common to all sampling units within a monitoring area,
whilst ensuring that specific details are recorded for each sampling method. Therefore,
every datasheet used to collect information for a particular management area (i.e. where a
particular management activity has been applied) should have the same information in the
top section. If you have used different management activities at your site (e.g. aerial
spraying in one part and hand removal in another) then you’ll need to fill in a different
datasheet for each activity.
Information common to the datasheets for all sampling methods:
►

►

►

►

►
►
►

►

►

Bitou TAP site no.: the number allocated to your site in the Bitou Bush Threat
Abatement Plan (TAP). If your site is not in the TAP then leave blank.
Site name: the name allocated to your site in the Bitou Bush TAP. If your site is not in
the TAP then provide a site name that reflects the location.
Management area: the area in which you will be conducting the monitoring, e.g.
Middle Head, or Bluey’s beach, and the specific area as defined in your site management
plan and map (see the standard tier for more information).
Control stage: the current stage of control for your management area at the time of
monitoring (refer to your site plan).
Date: the date you are conducting this monitoring.
Observers: the names of the people conducting this monitoring.
Time since control: how long (months, years) since control last occurred in this
management area.
Photopoint no.: the photopoint identification number associated with this monitoring
location (see photopoint section of the Standard tier for more information and below).
Ecological community: the name of the ecological community in which the monitoring
is occurring (as per Hamilton et al. 2008).

In addition to the fields outlined above, there are several fields specific to each sampling
method. These fields are listed within each of the sampling methods.
Appendices A1–4 contain blank copies of the four datasheets and Appendix A5 contains
filled-in examples of each.
You must also complete the control and monitoring costing datasheets, outlining the
time and funds spent controlling weeds and monitoring vegetation responses, irrespective of
the technique you use (see the Standard tier).
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You must establish photopoint locations and ensure that for all photos taken you complete
the photopoint datasheet (see the Standard tier). You don’t need to take photos of all
monitoring locations (i.e. every plot or transect), but you should establish at least one set of
photopoints in each management area which is indicative of the vegetation type or
ecological community.
To obtain blank copies of these datasheets:
download them online at www.environment.nsw.gov.au/bitouTAP/monitoring.htm
email bitou.tap@environment.nsw.gov.au, or
send a written request to the postal address in the front of this manual.

Copies of all datasheets should be submitted to the Bitou TAP coordinator on an
annual basis or upon request.
Digital copies can be emailed to bitou.TAP@environment.nsw.gov.au; hard copies
can be sent to the address in the front of this manual.

Using the advanced methods
The three methods outlined below are split into (i) setting up – planning (Office component)
and setting up in the field (Field component), (ii) data collection – pre-collection (Office
component) and collection in the field (Field component), and (iii) evaluating the data –
storage of the data and simple analysis.
Selection of methods is based on Tables A5–7 and associated text.
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Line-intercept transects
Setting up the method in the field
Office component:
1.
2.
3.

Determine whether your transects will be distributed randomly or systematically
(page A4).
Using Layer 8 of your composite map (see Standard tier), pre-determine your transect
locations using either fully-random or pseudo-random starting points (page A10).
Make an equipment list that can be used each time you go out into the field. The list
may include:
star pickets or wooden stakes (2 if the transect is 10 m or less, then 1 additional star
picket for every extra 5 m or 10 m of the transect, to be used in between the start
and finish pickets). You need only take star pickets when you establish the transects
as the pickets should be left in the field to permanently mark your transects
mallet/hammer
flagging tape or fluorescent-coloured paint to mark star pickets for easy recognition
in the field
tape measure (ensure the tape measure is at least 5 m longer than the transect to
allow for attachment to the star picket)
GPS receiver
compass
datasheets (see step 10 below)
completed example datasheet (see Appendix A5)
clipboard
pen/pencil
field guides (e.g. to native species at risk)
site map with predetermined starting points
camera and photopoint equipment (see Standard tier).

After the collection of the initial data (i.e. year 1) you’ll need to make a reduced checklist as
some equipment is only required during the initial setup (e.g. wooden stakes), though
taking spares (e.g. stakes) can be beneficial. Your reduced checklist must include the list of
target species. Note: You may want to also include a copy of the previous datasheet/s.
Field component:
4.
5.
6.
7.

8.

9.

Locate the starting points of your transects in the field using your site map and a GPS
receiver or tape measure.
Transects should be oriented to run parallel to any gradients on the site, such as slope,
i.e. transects would run up or down the slope. Variability on the site is then
encompassed within each transect, rather than between transects.
Accordingly, transects should also run parallel to one another to ensure they do not
sample the same area.
If a line-intercept transect extends beyond the edge of your study area or boundary,
stop at the boundary and transpose the remaining portion of the transect to the
beginning of the transect. If there is no area available to do this then randomly select a
new transect location.
Transects are to be set up permanently using star pickets or wooden stakes to mark out
the start and finish points (and if longer than 10 m then with an intermediate point).
Stretch a tape measure between the start and finish star pickets each time to record
the intercepts (Figure A11). Note that this tape measure will not be permanently in
place, it will have to be set up each time you do the monitoring. Unless vandalised, for
example, the transects are now permanently marked out for each subsequent
monitoring event.
Permanently mark star pickets or stakes with identifying notes, e.g. the line-intercept
transect number.

Advanced monitoring techniques – line intercept transects

A19

Start point

Finish point
Total transect length = 10 m

Tape measure

a

b

c

Target species (record on datasheet)

d

e

Non-target species (do not record)

Figure A11. Diagram depicting a 10 m line-intercept transect in the field. No information is recorded
for the non-target species.

Collecting the data
Office component:
10. Line-intercept transect datasheets should be printed out in the office prior to going to
the field. Datasheets are supplied in Appendix A1, with completed versions in Appendix
A5. They can also be downloaded from
www.environment.nsw.gov.au/bitouTAP/monitoring.htm. Alternatively download
datasheets onto a handheld computer/Personal Digital Assistant (PDA) for use in the
field. Note: You’ll need a different datasheet for each transect (all sub-transects are
recorded on the one sheet).
Field component:
11. Use a new datasheet for each monitoring/management area. Data from multiple lineintercept transects (random or systematic) can be recorded on the one datasheet only
if they lie within the same monitoring/management area (including the same ecological
community). If you have multiple ecological communities use a different datasheet for
each, as each is classed as a different monitoring area.
12. Complete the top section of the datasheet which contains the site information (page
A17).
13. Complete the additional fields specific to line-intercepts:
a.
b.
c.
d.

Starting points: 1) fully-random or 2) pseudo-random: tick the appropriate box.
Distribution: 1) random or 2) systematic: complete the appropriate box.
Transect orientation: record the direction of the transect (compass bearing).
Systematic transects (see Figures A3–4, or A7–8):
i) Transect number: each transect and sub-transect needs a unique number
ii) Starting distance: the length from the starting point to the first sub-transect
(m)
iii) Sub-transect length: the length of the sub-transect (m)
iv) Distance between sub-transects (m)
v) Number of sub-transects per transect
vi) Transect length: the length of the entire transect (m), comprising i–iv.
vii) Distance between transects
e. Random transects (see Figure A2 or A9):
i) Transect length (m).
f. Record the Easting, Northing and Datum of the transect’s starting point.
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14. Select the target species to monitor (name and number of species) before you start,
with bitou bush being one and the rest comprising native species at risk (see Hamilton
et al. 2008 for photos) and other weeds or other native species of interest. Multiple
target species can be recorded on the one datasheet. Note: The list of target species
selected must be the same for all samples (i.e. each transect, sub-transect and year).
You may wish to add species, but you can’t remove any (i.e. stop sampling them).
15. You must also complete the control and monitoring costing and the photopoint
datasheets (see the Standard tier for more information).
The following section outlines the methods for collecting indices of abundance, demographic
data and the effect of control on each target species.

Indices of abundance
Using line-intercept transects, two measures can be used to estimate an index of abundance
for target species: percentage cover and presence/absence. Select the one most
appropriate to your needs. Note: The presence/absence data will give you less robust data.
Line-intercepts should not be used to sample/monitor target tree species (see Tables A5–6).

Percentage cover
16. If using a floristic survey for an ecological community, which may include trees (see
Table A6 and associated text), first identify all species present (see presence/absence;
step 26 below) and then follow steps 17–25 using all species present as the target
species. Note: Tick the Floristic survey box on the datasheet.
17. You must determine a maximum gap between canopies or foliage of individuals for each
target species (the gap width) before you collect any data. The maximum gap width is
the maximum distance between the canopies of consecutive plants below which you will
consider the canopy to be continuous (irrespective of the number of individuals). Thus
gaps in the canopy shorter than this distance are recorded as continuous cover and
those greater are recorded as separate entries or cover intercepts. An appropriate
maximum gap width for bitou bush is 10 cm. For example, if bitou bush is recorded
from 6.51 m to 7.41 m and then the next intercept begins at 7.50 m, the gap between
7.41 m and 7.50 m is less than 10 cm and therefore the bitou bush cover intercept is
regarded as continuous (see Figure A12 – distance ‘d’). For some priority native species
a shorter distance might be more appropriate, but this needs to be specified before you
start sampling. Record the maximum gap width value in the Max gap width (cm)
column for each target species.
Tape measure

c

x

y

d

Figure A12. In this example taken from
Figure A11, the gap marked ‘y’ does not
exceed the maximum gap width of 10
cm, so the target species is measured as
having continuous cover (‘d’). The gaps
marked ‘x’ and ‘z’ exceed the maximum
gap width and so ‘c’, ‘d’ and ‘e’ are each
measured and recorded as separate
cover intercepts.

z

e

18. Run out a tap measure from the start to end point of the transect.
19. Walk along the sub-transect and record the beginning and end values of the intercept of
each target species as it occurs on a vertical projection of the tape measure. Intercepts
at the beginning and end of each transect either start on 0 m (zero) or end at the
maximum transect length (e.g. 25 m), irrespective of whether the vegetation cover
continues beyond the transect. In Figure A11, for example, the first intercept (a) of the
target species begins at 0.5 m and ends at 1.3 m, while the second intercept (b) begins
at 1.8 m and ends at 3 m. Record the actual start and end tape measure values in the
Advanced monitoring techniques – line intercept transects
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20.
21.
22.

23.
24.

Intercepts column. The actual distance between them (e.g. distance ‘a’ in Figure A11)
goes into the total length column. Note: Overlapping cover of the same species
should not be counted twice, but should be recorded as continuous cover.
Ensure you record the entire intercept length irrespective of any canopy overlap by a
different species (i.e. as shown in Figure A13 where distance ‘x’ for target species B is
independent of the overlap by target species A).
Calculate the Total length (m) of each intercept.
Repeat for each additional target species (e.g. target species B in Figure A13). You may
wish to collect the data simultaneously for each target species rather than repeating the
process. Ensure you record entire intercept length of each target species irrespective of
any canopy overlap by a different species.
Note: If your target species have different life-forms then you’ll need to follow Example
1 in the Combining sampling methods section below.
Record data for different target species sampled on the same line-intercept sub-transect
using the same datasheet, taking care to describe which species the data belongs to.
Start point

Finish point
Target species B
x

a

b

y

c

z

d

e

Target species A
Total transect length = 10 m
Figure A13. Combined sampling of two target species using the line-intercept method. The intercept
distances for target species A (a, b, c, d and e) are measured independently of those for target
species B (x, y and z). Note that the diagram is not to scale.

25. Repeat these steps for each sub-transect within each transect. Record the number of
each sub-transect against the target species.

Presence/absence
26. Walk along the transect and record the presence of each target species that intercepts
the tape measure on a vertical projection. If it is present, no matter how abundant,
record the species name and place a tick in the intercept column. If you are unable to
find the species along the length of the transect, it must be marked as absent – record
the species name and place a cross (‘x’) in the intercept column. Note: Your very first
sample will determine your list of target species (also see step 14 above). If
undertaking a floristic survey remember to tick the Floristic survey box on the
datasheet.
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Demographic data
Life history dynamics
27. Estimate the proportion of cover intercepted for each target species in each life history
category (seedling, juvenile, adult or dead; Table A3) over the entire sub-transect (i.e.
not for each intercept). Record these values in the respective Life history dynamics
columns. Note: You must also tick the Cover (%) box.
28. For a more rigorous measure of life history dynamics, you can also measure the lineintercept cover (see step 19) of each life history category separately for each target
species. Note, however, that this might be very time consuming. Record the total
intercept length (cm) in the respective Life history dynamics columns. You will need
to consider each life-history class separately when determining continuous cover (i.e.
continuous cover only applies for the same life history stage). Note: You must also tick
the Total length (m) box.

Height
29. Record the height of the tallest individual per intercept of each target species in the
Height (m) column. See the height component in the Additional information section
for guidance on how to estimate height for tall plants (page A41).

Reproductive status
30. Record the reproductive status of each target species over the entire sub-transect. Tick
the appropriate Reproductive status column(s) to indicate whether the target species
shows no sign of reproduction, or some individuals of the species have flowers, fruit
and/or vegetative propagules. Note: You may tick more than one column per target
species.

The effect of control (Response to control)
31. In the Response to control column, record the combined response of your target
species to your control works using the following seven categories:
ND: no damage
L: ≤25% damaged, none dead
M: >25% damaged, none dead
LD: ≤25% dead
MD: >25% dead
AD: all dead
U: unsure what damage has been done (include notes).
For more information see page A44 in the Additional information section.

Evaluating the data
Office component:
32. Data should be entered electronically into a spreadsheet or database for preservation as
soon as possible after collection. If using a spreadsheet program (e.g. Excel) record the
file name and location on the top of the datasheet so you can easily find the files later.
33. Complete data analysis soon after data collection. This will enable problems to be
identified early, and ensures that questions requiring additional field visits can be
identified. It is also more likely that questions that arise when entering field data can be
answered because the field work is still fresh in your memory.
34. Refer to Evaluating data (Appendix A7) for detailed instructions on how to enter,
analyse and graph your data.
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Quadrats
Setting up the method in the field
Office component:
1.
2.
3.

Determine whether your quadrats will be distributed randomly or systematically
(page A4).
Using Layer 8 of your composite map (see Standard tier), pre-determine your quadrat
locations using either fully-random or pseudo-random starting points (page A10).
Make an equipment list that can be used each time you go out into the field. The list
may include:
star pickets or wooden stakes (4 per quadrat). Additional star pickets will be needed
if you are using pseudo-random quadrats (e.g. to mark the starting point of each
quadrat on the trail) or systematic transects of quadrats (one each for the beginning
and end of the transect, and an additional star picket for each interval between
quadrats if these are spaced more than 10 m apart)
mallet/hammer
flagging tape or fluorescent-coloured paint to mark star pickets for easy recognition
in the field
brightly coloured string for demarcation of your quadrats (length = quadrat
perimeter; see Table A6)
tape measure (at least 20 m)
GPS receiver
compass
datasheets (see step 8 below)
completed example datasheet (see Appendix A5)
clipboard
pen/pencil
field guides (e.g. to native species at risk)
site map with predetermined starting points
camera and photopoint equipment (see Standard tier).

After the collection of the initial data (i.e. year 1) you’ll need to make a reduced checklist as
some equipment is only required during the initial setup (e.g. wooden stakes), though
taking spares (e.g. stakes) can be beneficial. Your reduced checklist must include the list of
target species. Note: You may want to also include a copy of the previous datasheet/s.
Field component:
4.
5.

6.
7.
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Locate the starting points of your quadrats (random quadrats) or the transect starting
point (systematic quadrats) in the field using your site map and a GPS receiver or tape
measure.
Quadrats are to be set up permanently using star pickets or wooden stakes. Flagging
tape or fluorescent-coloured paint can be used to mark the top of either the star pickets
or wooden stakes for easy recognition in the field. To ensure that your quadrats are
‘square’ use a compass to determine the direction/bearing for each side.
Permanently mark star pickets or stakes with identifying notes, e.g. the quadrat
number.
Brightly coloured string can be used to encircle the star pickets or wooden stakes to
further delineate the quadrat boundaries when collecting data. This should be done just
prior to recording data for each quadrat and the string should be removed between
monitoring events.
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Collecting the data
Office component:
8.

Datasheets to use for the collection of data should be printed out in the office prior to
going to the field. Datasheets are supplied in Appendix A1, with completed versions in
Appendix A5. They can also be downloaded from
www.environment.nsw.gov.au/bitouTAP/monitoring.htm. Alternatively download
datasheets onto a handheld computer/Personal Digital Assistant (PDA) for use in the
field. Note: If you have a lot of target species and quadrats you may need more than
one sheet.

Field component:
9.

10.
11.

12.

13.

Use a new datasheet for each monitoring/management area. Data from multiple
quadrats (random or systematic) can be recorded on the one datasheet only if they lie
within the same monitoring/management area (including the same ecological
community). If you have multiple ecological communities use a different datasheet for
each, as each is classed as a different monitoring area.
Complete the top section of the datasheet which contains the site information (page
A17).
Complete the additional fields specific to quadrats:
a. Boundary decision: insert a diagram or text indicating your boundary rules (see step
13 below; Figure A13).
b. Starting points 1) fully-random or 2) pseudo-random: complete the appropriate box.
c. Distribution 1) random or 2) systematic: tick the appropriate box.
d. Systematic quadrats (see Figure A6 or A10):
i) Transect orientation: record the direction of the transect (compass bearing).
ii) Transect number: each needs a unique number
iii) Transect length (m)
iv) Quadrat dimensions: the size and shape as per Table A6
v) Quadrat number: each needs a unique number
vi) Distance between quadrats (m)
vii) Distance between transects (m).
e. Random quadrats (see Figure A5 or A9):
i) Quadrat dimensions: the size and shape as per Table A6
ii) Ensure that rectangular quadrats are orientated in a similar manner to transects
(see Figure A6).
f. Record the Easting, Northing and Datum of the pre-designated corner of the
quadrat, or the starting point if quadrats are arranged systematically.
Select the target species to monitor (species name and number of species) before you
start, with bitou bush being one of the target species and the rest comprising native
species at risk (see Hamilton et al. 2008 for photos) and other weeds or other native
species of interest. Multiple target species can be recorded on the one datasheet. Note:
The list of target species selected must be the same for all samples (i.e. all quadrats
and each year). You may wish to add species, but you can’t remove any (i.e. stop
sampling them).
Many plants will lie on the boundary lines of the quadrat and you will need to decide
how to classify what is included in the quadrat and what is not (e.g. Figure A14). Some
commonly recommended boundary rules are:
Plants are considered ‘in’ if any part of the plant is touching the quadrat boundary
along two pre-selected and adjacent sides (of a square or rectangular quadrat); all
other plants must lie completely within the quadrat boundaries to be included (Figure
A14). You should predetermine which two adjacent sides will be interpreted in which
way (i.e. ‘in’ or ‘out’). In Figure A14, for example, the two bolded lines either side of
the pre-selected corner (tagged) are the ‘in’ lines. This approach accurately
estimates density and is the recommended method to reduce boundary bias (Elzinga
et al. 2001).
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Plants are considered ‘in’ if more than 50% of the plant boundary (basal or canopy)
is within the plot. This method accurately measures density, however subjective
observer decisions are required, and it may be particularly difficult for irregularly
shaped plants.
Plants along the boundary are alternately considered ‘in’ or ‘out’. This provides an
unbiased estimate of density, but may be difficult to keep track of if your quadrats
are large.
Some other commonly used, but not recommended boundary rules are:
Only plants that are completely within the plot are included. This method
underestimates true density.
All plants that touch the boundary line are counted, even if most of the plant lies
outside the quadrat. This method overestimates density.
Note that cover and density estimates will vary slightly, depending on which boundary rule
you apply. Therefore, the boundary rules that are used for the first monitoring event must
be used for all subsequent monitoring events.
Key:
Mat-like plant:
Included
Excluded
Open canopy plant
with a single stem:
Included
Excluded

Figure A14. Diagram illustrating a
possible boundary rule for two
target species sampled in a
quadrat. Individuals included in
the cover or density estimates
(the shaded plants) are
completely within the quadrat or
intersecting the two selected
boundary lines (the bolded lines
adjacent to the pre-selected
corner picket/tagged (yellow)).
Non-shaded individuals are
excluded.

14. You must also complete the control and monitoring costing and the photopoint
datasheets (see the Standard tier for more information).
The following section outlines the methods for collecting measures of abundance,
demographic data and the effect of control on each target species.

Indices of abundance
Using quadrats, three measures can be used to estimate an index of abundance for target
species: percentage cover, density, and presence/absence. Select the most appropriate for
your needs, being percentage cover and/or density, or presence/absence. Note: The
presence/absence data will give you less robust data.
15. Quadrats should only be used to sample/monitor tree species if they are common (see
Table A5) or as part of a floristic survey of an ecological community (see Table A6 and
associated text).

Percentage cover
16. If using a floristic survey for an ecological community (Table A6), first identify all
species present in each quadrat (see presence/absence; step 22 below) and then follow
steps 17–19 using all species present as the target species. Note: Tick the Floristic
survey box on the datasheet.
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17. Visually estimate the proportion of the quadrat occupied by each of the target species
(adhering to your boundary rules). You can record cover in one of two ways: 1) using
the percentage cover classes defined in Table A8 on page A39, or 2) estimating the
actual proportion of the quadrat covered by the species. Which method you choose will
affect how you analyse your data; see Appendix A7 for more details. Record this value
in the Cover column. Overlapping cover of the same species should only be
recorded once (i.e. the maximum cover of a species in a plot would be 100%).
Note: Tick the cover category box if using 1 outlined above, or the % cover (value)
box if using 2.
If using the cover category method, you will also need to use one of the four subcategories for category class 1 (i.e. 1-5% cover), being (i) very common, (ii) common,
(iii) uncommon, and (iv) one or a few individuals.
18. Repeat for each additional target species (e.g. target species B in Figure A15). You may
wish to collect the data simultaneously for each target species rather than repeating the
process. Ensure you record entire cover of each plant irrespective of any canopy overlap
by a different species (i.e. as show in Figure A15). Thus the combined cover value of all
target species may exceed 100%.
Note: If your target species have different life-forms then you’ll need to follow Example
2 in the Combining sampling methods section below.
19. Record data for different target species sampled in the same quadrat using the same
datasheet, taking care to describe which species the data belongs to.
25 m

2m

Target species A: included
Target species A: excluded
Target species B: included
Target species B: excluded

Figure A15. Combined sampling of two target species using the quadrat method. The percentage
cover of target species A and B are measured separately, taking care to observe the pre-determined
boundary rule. In this example, only individuals entirely within the quadrat or touching the boundaries
either side of the tagged corner are counted in the cover estimate. According to this boundary rule,
individuals shaded green are included, while those shaded grey are excluded. Note that the diagram is
not to scale.

Density
20. If using a floristic survey for an ecological community (Table A6), first identify all
species present in each quadrat (see presence/absence; step 22 below) and then follow
step 21 using all species present as the target species (also see step 12 above). Note:
Tick the Floristic survey box on the datasheet.
21. Count the number of individuals of each target species that occur within the quadrat
(adhering to your boundary rules). Record this value in the Count column. These
counts will need to be converted to densities (individuals per m2) once you are back in
the office. Note: It is not possible to measure the density of some species (e.g.
clumping grasses or mat-like plants). You will need to measure the cover of these
species only (see above).
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Presence/absence
22. Search within the quadrat for a target species (adhering to your boundary rules). If it is
present, no matter how abundant, record the species name and place a tick in the
cover column. If the species is unable to be found within the quadrat boundary, it must
be marked as absent – record the species name and place a cross (‘x’) in the cover
column. You can use presence/absence sampling to complete a floristic survey. Note:
Your very first sample will determine your list of target species (also see step 12
above). If undertaking a floristic survey remember to tick the Floristic survey box on
the datasheet.

Demographic data
Life history dynamics
23. Tick on the datasheet whether you will be recording the Life history dynamics (Table
A3) of your target species using percentage cover (cover (%) box) or counts (density:
count box).
24. If using cover, estimate the percentage of your quadrat that each life history category
(seedling, juvenile, adult or dead; Table A3) covers. Note: The percentage cover across
all life history categories can sum to more than 100% if you have overlapping layers of
plants, e.g. seedlings growing under adults.
25. If using counts (density), count the number of individuals in each life history category.
These counts will need to be converted to densities (individuals per m2) once you are
back in the office.
26. If using presence/absence to record life history dynamics, simply tick the respective
box of each life history category for each target species.

Diameter at breast height (DBH)
27. Record the diameter at breast height (m) of at least five randomly selected individuals
of your target tree species in each quadrat in the DBH (m) column. If fewer than five
individuals of a target tree species are present then measure the DBH of all individuals.
Note: Quadrats should only be used to sample tree species if they are common (see
Table A5).

Height
28. Record the height of the tallest individual of each target species in your quadrat in the
Height (m) column. See the height component in the Additional information section
for guidance on how to estimate height (page A41).
29. Alternatively, record the height of at least five randomly selected individuals of each
target species. For example, generate five sets of coordinates using the random number
generator on your calculator or a statistical package such as Excel (see Figure A1).
Measure the height of the individual at these co-ordinates or, if there is no target
individual at these coordinates, then the height of the nearest individual. If an individual
is selected more than once, generate additional random coordinates to select a new
individual.

Reproductive status
30. Record the reproductive status of each target species over the entire quadrat. Tick the
appropriate Reproductive status column to indicate whether the target species shows
no sign of reproduction, or some individuals of the species have flowers, fruit and/or
vegetative propagules. Note: You may tick more than one column per target species.
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The effect of control (Response to control)
31. In the Response to control column, record the combined response of the individuals
of your target species to control works using the following seven categories:
ND: no damage
L: ≤25% damaged, none dead
M: >25% damaged, none dead
LD: ≤25% dead
MD: >25% dead
AD: all dead
U: unsure what damage has been done (include notes).
For more information see page A44 in the Additional information section.

Evaluating the data
Office component:
32. Data should be entered electronically into a spreadsheet or database for preservation as
soon as possible after collection. If using a spreadsheet program (e.g. Excel) record the
file name and location on the top of the datasheet so you can easily find the files later.
33. Complete data analysis soon after data collection. This will enable problems to be
identified early, and ensures that questions requiring additional field visits can be
identified. It is also more likely that questions that arise when entering field data can be
answered because the field work is still fresh in your memory.
34. Refer to Evaluating data (Appendix A7) for detailed instructions on how to enter,
analyse and graph your data.
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T-square sampling
Setting up the method in the field
Office component:
1.
2.

3.

Determine whether your starting points will be selected randomly or systematically
(page A4).
If selecting random, use Layer 8 of your composite map (see Standard tier), predetermine your starting points using either fully-random or pseudo-random starting
points (page A10). At least five starting points should be used per target tree
species.
Make an equipment list that can be used each time you go out into the field. The list
may include:
star pickets or wooden stakes (a single marker can be re-used if starting points are
temporary. Use one star picket or wooden stake per starting point if starting points
are permanent).
mallet/hammer
2 tape measures (100 m each)
GPS receiver
compass
datasheets (see step 6 below)
clipboard
pen/pencil
field guides (e.g. to native species at risk)
site map with predetermined starting points
camera and photopoint equipment (see standard tier).

After the collection of the initial data (i.e. year 1) you’ll need to make a reduced checklist as
some equipment is only required during the initial setup (e.g. wooden stakes), though
taking spares (e.g. stakes) can be beneficial. Your reduced checklist must include the list of
target species. Note: You may want to also include a copy of the previous datasheet/s.
Field component:
4.
5.

Locate the starting points in the field using your site map and a GPS receiver or tape
measure.
Mark each starting point temporarily using a wooden stake, or star picket for permanent
starting points.

Collecting the data
Office component:
6.

T-square datasheets should be printed out in the office prior to going to the field.
Datasheets are supplied in Appendix A3, with completed versions in Appendix A5. They
can also be downloaded from www.environment.nsw.gov.au/bitouTAP/monitoring.htm.
Alternatively download datasheets onto a handheld computer/Personal Digital Assistant
(PDA) for use in the field.

Field component:
7.

8.
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Use a new datasheet for each monitoring/management area. Data for multiple target
tree species can be recorded on the one datasheet only if they lie within the same
monitoring/management area (including the same ecological community). If you have
multiple ecological communities use a different datasheet for each, as each is classed as
a different monitoring area.
Complete the top section of the datasheet which contains the site information (page
A17).
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9.

10.

11.
12.
13.

Complete the additional fields specific to T-square sampling:
a. Starting points: 1) fully-random or 2) pseudo-random: tick the appropriate box.
b. Distribution: 1) random or 2) systematic: tick the appropriate box.
c. Datum: record the map datum you are using.
Select the target tree species(s) to monitor (species name and number of species)
before you start (see Hamilton et al. 2008 for photos). Note: The list of target species
selected must be the same for all samples (i.e. each sample and year). You may wish to
add species, but you can’t remove any (i.e. stop sampling them).
Locate each random start point in the field. Record the random Start point no. and the
Easting and Northing of each start point against the name of the target species.
It is recommended that you use five starting points per target species.
You must also complete the control and monitoring costing and the photopoint
datasheets (see the Standard tier for more information).

The following section outlines the methods for collecting indices of abundance, demographic
data and the effect of control on each tree target species.

Indices of abundance
Density is the only index of abundance capable of being measured using T-square sampling.

Density
14. From each random point, measure the distance to the nearest individual (of any age) of
a target species (marked ‘x’ in Figure A16); record this first distance in the Distances
(m) ‘x’ column. The nearest individual could be in any direction and thus may require
some searching.
15. Determine the direction of the nearest individual using a compass and record this value
in the Direction to 1st tree column. Note: North is zero (0) degrees.
16. From the first individual, measure the distance (marked ‘y’ in Figure A16) to its nearest
neighbour of the same species (of any age) when moving in a forward direction (i.e.
along the same or similar compass bearing; Figure A16); record this second distance in
the Distances (m) ‘y’ column.
17. Only these two distances are measured for each starting point per target species.

Nearest individual
of the target
species to starting
point
Random starting point
x
Imaginary line at right
angle to line between
the starting point and
the nearest tree (x),
ensuring distance y is
measured forward

x

y

Nearest neighbour
forward of the target
species

Figure A16. An example of T-square sampling to monitor target tree species.
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18. If you are monitoring more than one target species using this method, collect the data
for each target species independently using the methods outlined above.
19. Ensure that the five starting points for each target species (e.g. Species B; Figure A17)
are determined independently (i.e. using a completely new set of random numbers).
20. Record data for each different target species sampled on the same datasheet, except
where the target species occur in different monitoring/management areas or ecological
communities.
Target species A
Target species B

y
Random starting point
for Target species A

a

x
x
b

Random starting point
for Target species B

Figure A17. Combined sampling of two target species using T-square sampling. A different random
starting point is selected for each species.

Demographic data
Life history dynamics
21. Record the life history category (seedling, juvenile, adult or dead; Table A3) of each
individual. Record these values in the respective Life history dynamics (tree
numbers) columns with a 1 for the first individual and a 2 for the second.

Diameter at breast height (DBH)
22. Record the diameter at breast height (m) of each individual in the respective DBH (m)
column. If any of the individuals is a seedling or juvenile (sapling) a DBH measure may
not be appropriate, record n/a instead.

Height
23. Record the height of each individual in the respective Height (m) column. See the
height component in the Additional information section for guidance on how to
estimate height (page A41).

Reproductive status
24. Record whether the two individuals of each target species show any signs of
reproduction. Place a 1 or 2 for each individual tree sampled respectively, in the
appropriate Reproductive status column(s) to indicate whether the target species
shows no sign of reproduction, or some individuals of the species have flowers, fruit
and/or vegetative propagules. Note: You may record more than one response per
individual of the target species.
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The effect of control (Response to control)
When using line-intercept transects and quadrats, the response of vegetation to control is
assessed via the proportion of individuals damaged or dead. This is not possible with Tsquare sampling, as only two live individuals are assessed per starting point. However, it is
still possible to record information on these two individuals.
25. In the Response to control column, estimate the response to control works using the
following categories:
ND: no damage
L: ≤25% damaged
M: >25% damaged
U: unsure what damage has been done (include notes).
Follow each category code with the respective tree number (e.g. L (1) for tree number
1 that is ≤25% damaged).
For more information see page A44 in Additional information section.

Evaluating the data
26. Data should be entered electronically into a spreadsheet or database for preservation as
soon as possible after collection. If using a spreadsheet program (e.g. Excel) record the
file name and location on the top of the datasheet so you can easily find the files later.
27. Complete data analysis soon after data collection. This will enable problems to be
identified early, and ensures that questions requiring additional field visits can be
identified. It is also more likely that questions that arise when entering field data can be
answered because the field work is still fresh in your memory
28. Using T-square sampling you will have collected data that can be used to obtain a
density estimate of the species you have measured at your site.
29. Refer to Evaluating data (Appendix A7) for detailed instructions on how to enter,
analyse and graph your data.
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Combining sampling methods
There may be instances where you have multiple target species with different life forms,
and you would like to combine some of the sampling methods to reduce time and effort in
the field. The next section provides three examples from the many ways you can
appropriately combine sampling methods. Note however, that there will be some instances
where you will not be able to combine sampling methods, e.g. if a bitou bush infestation
occurs along the edge of a population of the target native species.
The following examples do not include options to combine T-square sampling with other
sampling methods, however T-square sampling can be used in an area where other
sampling methods are used.

Example 1a: Combining line-intercept transects for different life forms (1)
If you want to monitor bitou bush with the preferred method of 25 m line-intercept
transects and sample herbs in the same area using the alternative method of 10 m lineintercept transects you can combine the two lengths of line-intercept transects (Fig. A18).
1.
2.
3.

4.
5.

Determine whether you will use random or systematic (page A4) line-intercept
transects to sample bitou bush (Transects 1–4; Figure A18).
Fully-randomly or pseudo-randomly select starting points (page A10) for the bitou
bush line-intercept transects according to the method described above.
Generate a random starting point for each of the herb (shorter) line-intercept
transects (Transects A–D) on the bitou bush transects (e.g. distance ‘x’ on Transect 1;
Figure A18). In the example of 10 m line-intercept transects below (Figure A18), this
would be a number between 0 and 15 to ensure that all parts of the longer [25 m
transect] bitou bush transect have an equal probability of also being sampled by the
shorter one.
Collect data for bitou bush on the longer line-intercept transects (e.g. Transects 1–4)
using the methods outlined on pages A19–23.
Collect data for each herb target species on the shorter line-intercept transects (e.g.
Transects A–D) using the same methods.

Random start point
for 25 m bitou bush
line-intercept transect

Random start point
for 10 m herb lineintercept transect

10 m herb line-intercept
transect

Transect A

Transect 1
x = 12 m

10 m

Transect B

Transect 2

10 m

5m

Transect C

Transect 3
2m

25 m bitou bush lineintercept transect

10 m

Transect D

Transect 4
9m

10 m

Figure A18. An example of a combined sampling program using the preferred line-intercept method
for bitou bush and the alternative method for herbs. Note that the diagram is not to scale.
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6.

Record data for each transect on a different datasheet, as it is important to keep the
data from each transect length separate for analysis purposes. To calculate cover the
transect length is critical, thus it is important to keep the data separate and matched to
the actual transect length to avoid any errors.

Example 1b: Combining line-intercept transects for different life forms (2)
Alternatively, you can alter the example above to combine sampling for bitou bush using
the preferred method of 25 m line-intercept transects with sampling for herbs using shorter
(5 m) but more numerous transects (Figure A19).
1.
2.
3.

4.

5.
6.
7.

Determine whether you will use random or systematic (page A4) line-intercept
transects to sample bitou bush (Transects 1–4).
Fully-randomly or pseudo-randomly select starting points (page A10) for the bitou
bush line-intercept transects according to the method described above.
Generate a random starting point between 0 and 10 for each of the herb line-intercept
transects (Transects A–H) on the bitou bush transects (distance ‘x’ on Transect 1;
Figure A19). For example, if herb line-intercept transects will be systematically located
every 10 m (between start points) then the starting point of the first herb line-intercept
transect should be a number randomly chosen between 0 and 10. Note that placing the
herb line-intercept transects along the length of the bitou bush transects forces them
into a systematic sampling regime.
Establish additional herb line-intercept transects at pre-determined intervals (or
randomly if you desire) after the first herb line-intercept transect (distance ‘y’ on
Transects 1 and 2; Figure A19 – depicts pre-determined start points for the second herb
line-intercept transect).
Collect data for bitou bush on the entire length of the longer line-intercept transects
(including the shorter transects) using the methods outlined on pages A19–23.
Collect data for each herb target species on the shorter line-intercept transects using
the same methods.
Record data for each transect on a different datasheet, as it is important to keep the
data from each transect length separate for analysis purposes. To calculate cover the
transect length is critical, thus it is important to keep the data separate and matched to
the actual transect length to avoid any errors.

Random start point
for 25 m bitou bush
line-intercept transect

Random start point
for 5 m herb lineintercept transect

5 m herb line-intercept
transect
Transect A

Transect 1

y = 10 m

x = 10 m

Transect C

Transect 2
5m

Transect B

Transect D

y = 10 m
25 m bitou bush lineintercept transect

Transect 3

Transect 4

Transect E
2m

Transect F
5m

5m

Transect G
9m

Transect H

10 m

Figure A19. An example of a combined sampling program using the preferred line-intercept method
for bitou bush and the alternative method for herbs. Note that the diagram is not to scale.
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Example 2: Combining quadrats for different life forms
If you want to sample bitou bush and trees within your site, you could use random 20 x
50 m quadrats for sampling of trees using a floristic survey and the alternative method of 2
x 25 m quadrats for bitou bush (Figure A20). You must ensure, however, that the quadrats
used to sample bitou bush (e.g. Quadrats A–E in Figure A20) are randomly located within
the larger quadrats used to sample trees (e.g. Quadrats 1–3 in Figure A20), and are located
far enough apart to ensure they are independent (see Table A4 on page A4 and the
Additional information section).
1.
2.
3.
4.
5.
6.

Determine whether you will use random or systematic (page A4) large quadrats to
sample trees (Quadrats 1–3; Figure A20).
Fully-randomly or pseudo-randomly select starting points (page A10) for the 3 (to
5) large quadrats according to the method described above.
Within these larger quadrats, generate random starting points (page A10) for each of
the 5 smaller quadrats, to sample bitou bush (e.g. Quadrats A–E; Figure A20). It might
be best to do this in the field once the larger quadrats have been marked out.
Collect data for the target tree species in the larger quadrats using the methods
outlined on pages A23–27. Ensure that you survey the area bounded by the smaller
quadrats as they are part of the larger ones.
Collect data for bitou bush in the smaller quadrats using the methods outlined on pages
A23–27 for cover/density, etc.
Record data for each quadrat on a different datasheet as in most instances you’ll be
collecting two types of data (e.g. in this example floristic data, and density or cover).
50 m
Quadrat 1

20 m x 50 m
large quadrat
for trees

Quadrat A
20 m
Quadrat B

2 m x 25 m
sub-quadrat
for shrubs
Quadrat 2

Randomly
selected starting
points for large
and sub-quadrats

Quadrat C

2m

25 m

Quadrat 3
20 m x 50 m
large quadrat
for trees

Quadrat D

Quadrat E

Figure A20. An example of a combined sampling program using the preferred quadrats for trees and
the alternative method for bitou bush. Note that the diagram is not to scale.
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Example 3: combining line-intercept transects and quadrats
If you wish to sample bitou bush using the preferred method of 3 (to 5) 25 m line-intercept
transects (see Table A5), and at the same time you would like to sample several species of
herbs and grasses using the preferred method of 2 m x 2 m quadrats, you can combine
these methods (Figure A21) following the instructions below.
1.
2.
3.

4.
5.
6.
7.

Determine whether you will use random or systematic (page A4) line-intercept
transects.
Fully-randomly or pseudo-randomly select starting points for the line-intercept
transects (page A10) according to the method decided above.
Generate a random starting point for the first quadrat on each transect (distance ‘x’
transect 1; Figure A21). For example, if quadrats will be systematically located every 10
m then the starting point of the first quadrat should be a number randomly chosen
between 0 and 10. Note that placing quadrats along the length of transects forces them
to be systematic, irrespective of the random nature of the transects.
Establish additional quadrats at pre-determined (or random if you desire) intervals after
the first quadrat (distance ‘y’ transect 1; Figure A21).
Collect data for bitou bush on the line-intercept transects using the methods outlined on
pages A20–23.
Collect data for each herb/grass target species in the quadrats using the methods
outlined on pages A24–28. Note: The number of quadrats used to sample herbs/grasses
exceeds the minimum number of samples prescribed in Table A5 in this example.

Record data on the respective datasheets for each method.

Random start point
for 25 m lineintercept transect

Random start point
for quadrat

2 m x 2 m quadrat

Quadrat A

Quadrat B

Transect 1
x= 5 m

y = 10 m

Random start point
for quadrat

25 m bitou bush lineintercept transect

2m
Quadrat C

2m

Quadrat D

Transect 2
2m

10 m
Random start point
for quadrat

Quadrat E

Quadrat F

Transect 3
8m

10 m

Figure A21. An example of a combined sampling program using the preferred method for bitou bush
and herbs/grasses. The number of quadrats to sample herbs/grasses exceeds the minimum number of
samples prescribed in Table A5. Note that the diagram is not to scale.
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Additional information
The following section provides additional details on the sampling methods described above,
for users who wish to learn more about monitoring and generating high quality data.
Additional information is included on:
sampling methods
measuring vegetation, including
o
o
o

indices of abundance
demographic measures
response to control

understanding experimental design, and
considerations when selecting sampling units.

Sampling methods
The following section outlines some additional notes on the three sampling methods used in
this manual. They are designed to help you better understand the prescribed methods.

Line-intercept transects
Three measures of abundance can be made using the line-intercept method: density, cover,
and presence/absence. However, the density technique produces a measure that is
ambiguous and dependent on the size of the species being measured, and so is not
recommended. The description in this manual therefore only refers to cover (and to a lesser
degree presence/absence – floristic survey).
From a species perspective, the line-intercept technique lends itself readily to measuring the
cover of shrubs and matted plants; it is less effective for plants with lacy or narrow canopies
such as grasses and some forbs. Line-intercept transects can be used quickly for plants with
low but densely clustered cover, and they are more practical in sparse vegetation than
quadrats. Plants that are sparse, small and well-distributed along a line will require more
meticulous evaluation of the transect.
Line-intercept transects are commonly used for shrubs that are less than 1.5 m tall because
a tape can be suspended above the shrub canopy and the interception easily measured.
Irrespective of the height of the transect, however, you should abide by the definition of
cover as the vertical projection on the ground.

Quadrats
Biases in quadrat sampling relate to the census technique used. For cover and density,
more conspicuous species are likely to be observed and those forming clumps of individuals
with broader leaves are likely to be given a higher estimate than those that are less
conspicuous, dispersed or with fine-leaves. Careful sampling should overcome this bias.
Very large quadrats can be difficult and time consuming to set up and measure on a regular
basis. If species have a non-random distribution over the study area (a common occurrence
for plants) then estimates of abundance from a single quadrat will be heavily influenced by
the size of the quadrat. Larger quadrats will capture more of the patchiness in the
vegetation than smaller quadrats. For this reason single quadrats should never be used.
Selecting the appropriate quadrat size, number and spacing according to the vegetation
type should help eliminate these effects.

T-square sampling
The core area in which T-square sampling occurs should be slightly smaller than the total
monitoring area, to allow for the possibility that the nearest individuals to some of the
random starting points might be outside the core area. Ideally, the number of random
starting points should be greater than 10 (Sutherland 2006).
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T-square sampling does not suffer the same degree of bias when individuals are distributed
non-randomly as several other nearest-neighbour measures, however it is still advisable to
apply a test of randomness to the data. A simple test for randomness is:
ti
where: xi

= {∑i [xi2 / (xi2 + yi2 / 2)] – m/2}√(12/m)
= the distance from the random starting point to the nearest tree

yi2 = the distance from the nearest tree (xi) to its nearest neighbour
m = the number of random starting points
If ti is greater than +2 then the distribution is significantly more regular than a random
distribution (i.e. dispersed); if it is less than –2 then it is significantly clumped; if it is
between -2 and +2 it is considered random. This is an approximate test only; refer to
Diggle (1983) for further details.

Measuring vegetation
Indices of abundance
Cover
Cover (also called canopy cover) is the vertical projection of vegetation from the ground as
viewed from above. Cover is a commonly used measure as it enables all species to be
compared irrespective of their size or abundance (e.g. from small but abundant to large but
rare). Unlike density (see below), cover is closely aligned with biomass or annual
production. Cover does not require the ability to distinguish between individuals of the same
species. It is, however, sensitive to changes over the growing season. Although the lack of
native deciduous species makes this less of an issue in Australia than elsewhere in the
world, sampling should be repeated at the same stage of the growing season.
There are a number of ways to estimate cover. When using quadrats, an observer
estimates the proportion of the quadrat occupied by a species. In addition to estimating the
actual percentage of the quadrat covered by a species, the observer can categorise cover
estimates, for example into cover classes, percentage cover ranges, or cover categories
(see page 32 of the Standard tier; also Table A8 below). While estimating cover in quadrats
is fast in comparison to counting each individual of a species, the estimate is subjective and
different observers or one observer at different times may make different estimates. This
variability can be somewhat reduced with training and practice and working in pairs or
more. Having a defined set of values to use consistently for sampling (e.g. boundary rules,
see page A25) may also help to reduce variation as observers become accustomed to
estimating within the value boundaries (or rules). As mentioned above (under Quadrats),
bias may also result from species conspicuousness, with more conspicuous species more
likely to be observed than less conspicuous ones. Those forming clumps of individuals with
broader leaves are also more likely to be given a higher estimate than those that are
dispersed with fine-leaves. Again, careful sampling and observation should overcome this.
Table A8. Cover can be estimated in quadrats using cover classes, percentage cover ranges, and cover
categories. Note: If your cover estimate is not easily distinguishable between two cover classes (e.g. 2
and 3), then it is best to compare the actual cover value with the mid-point value of each possible
class to assign the value (i.e. is cover closer to 16% or 36% as opposed to 25% or 26% to distinguish
between cover categories 2 and 3 respectively).
Cover class
Very dense
Dense
Sparse
Very sparse
Isolated plants
Absent

Percentage cover
range
>75%
51–75%
26–50%
6–25%
1–5%
0%
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Compared with quadrats, cover measured using line-intercept transects is objective and
variation between observers is greatly reduced. Care should be taken, however, if
permanent transects are being used, as it is more difficult to measure the exact same lineintercept transect each time than measuring a permanent quadrat with all four corners
marked out. Changes in the tape tension, blowing in the wind for example, and slightly
different placement because of obstacles are examples of factors which may reduce your
ability to re-measure the same transect. Failure to intersect a particular plant on a
subsequent measurement can therefore result from 1) tape movement and missing the
exact location, 2) decline in cover of the plant so that your tape no longer intersects it, and
3) death (or dormancy) of the plant. Only the first is a problem, the others are normal
biological occurrences. It would not be practical to use this method in an area of dense
brush and undergrowth as this would make it very unlikely that you re-measure the same
line. To reduce the chances of not re-measuring the same transect line, it can be
permanently marked with a star picket at each end and at intermediate positions along the
transect (e.g. at 5 or 10 m intervals). Shorter transects will also reduce issues such as the
tape sagging.
For all methods it should also be noted that overlapping cover of individuals of the same
species should not be counted twice, but should be recorded as continuous cover. If
however, two or more different plant species overlap then the cover of each species should
be recorded separately; this may give more than 100% cover if there are many overlapping
canopies.
Note: In addition to measuring the cover of plant species, you can also measure
the cover of bare ground or leaf litter, and that of different life history categories.
These variables are important in some ecological communities.
Density
Density is the number of individuals per unit area. For plants, it is generally calculated as
the number of individual plants per metre square or per hectare. Because it is a per-area
measure, density estimates can be compared across sampling units, even if the size and
shape of sampling units vary.
Density can only be calculated if individual plants are readily and consistently identifiable.
Density measurements are not suitable if plants form dense mats or clumps due to the
difficulty of distinguishing between plants. Density will also be impractical for very sparsely
distributed or rare species. Conversely, counting many individuals for density can be very
time consuming and difficult unless you use very small quadrats. Note also that, like cover
estimates, density estimates can be biased towards more conspicuous species.
Density estimates will detect changes in abundance via recruitment or mortality. They are
unable, however, to detect changes in condition, for example new growth or a decline in
foliage or health. In addition to estimating the overall density of plants within an area, the
density of different life history categories (e.g. seedlings, juveniles, and adults; reproductive
or non-reproductive) can also be calculated. These estimates provide more sensitivity to
some changes in the population.
Presence/absence
Presence/absence is a simple record of whether a species is found within a sampling unit or
not (this will also result in a floristic survey, except where you have a targeted list of
species you wish to sample). The key advantage of this method is that no special skills are
required, other than the ability to identify the species. This technique is also very fast,
although care must be taken to search thoroughly for all species (or a select list of species
you are interested in, e.g. the target species). Presence/absence is insensitive to changes
other than the appearance or complete disappearance of a species from a sampling unit.
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Therefore, while presence/absence provides information on species richness within a
sampling unit, it provides no further information on the abundance, cover, density or
diversity of species.

Demographic measures
Life history dynamics
Measures of the life history dynamics of a target species (e.g. the percent cover and/or the
number of seedling, juvenile, adult, and dead plants) should be used to supplement general
measures of cover and density. Measuring the life history dynamics of a species is much
more time consuming than straight estimates of cover or density for the species as a whole.
However, recording the life history dynamics of target species provides detailed information
on the effectiveness of your control methods on the weed species (e.g. adult plants are
killed but there is seedling recruitment) and the recovery of native species (e.g. if the
increased cover is because adult plants are growing or if there is seedling recruitment). As a
minimum, you could separate a species into seedling and non-seedling classes.
You can choose to record the life history dynamics of your target species using cover or
density estimates, however these two measures give quite different results. If using cover,
you will record the proportion of your plot that is covered by each life history category.
Note: If you have overlapping layers then the sum of cover values for all four life history
categories combined may be more than the overall percentage cover. This will occur, for
example, if you have seedlings growing underneath an adult plant. In contrast, density
estimates are the estimated number of individuals in your plot in each of the four life history
categories. Details for recording life history dynamics are provided in the relevant section
for each of the methods.
Diameter at breast height (DBH)
Diameter at breast height (DBH) is a standard method of measuring the diameter of trees
or shrubs. It is measured at 1.3 m above ground level, and on the uphill side if the plant is
on a slope. DBH can be measured using callipers, or a tape measure to record the
circumference; the diameter is calculated by dividing the circumference by pi (π: 3.14159).
Height
Measuring the height of a plant gives you an additional measure of vigour. You can either
measure the height of the tallest individual of a target species in your plot, or you can
measure the average height of that species in your plot; if you are measuring the average
height then you should measure the height of at least five randomly chosen individuals.
Whether you measure the maximum or average height will of course give you different
information about a target species. To decide which one to measure (although you can
measure both), you should think about the likely changes a species will make after control,
and how this measure fits with the aim of your monitoring program.
The heights of small shrubs and groundcover species (e.g. grasses) are easily measured or
estimated, however trees are more difficult. Two methods to estimate tree height are
outlined below.
Using a clinometer
1.

2.
3.
4.

Stand on the same contour as the bottom of the tree (while there is no pre-determined
distance you must stand away from the tree, you must be able to see both the top and
bottom of the tree easily) and measure the angle from the horizontal (eye-height on the
tree) to the top of the tree using a clinometer (e.g. θ = 38°; Figure A22).
Measure the horizontal distance from you to the tree (in Figure A22, for example, this
distance ‘x’ equals 20 m).
Use trigonometry (on your calculator or a statistical program such as Excel) to calculate
the height of the tree, minus your eye-height (distance ‘y’ in Figure A22).
Add the height of your eyes above ground level to ‘y’ to calculate the total height of the
tree. In Figure A22 this is 1.6 m.
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17.2 m

y = 15.6 m
θ = 38o
x = 20 m

1.6 m

Figure A22. An example of how to estimate the height of a tree using a clinometer and trigonometry.

opposite side = y

For example, to calculate the height of the tree in Figure A22 you need to calculate the
distances ‘x’ and ‘y’, and the angle θ. Measure distance ‘x’ using a tape measure and the
angle θ using a clinometer; use trigonometry to calculate ‘y’. Using the formula below, you
know that x = 20 m and θ = 38°:

hy
po

ten
us
e=

z

tan θ =

opposite
adjacent

tan 38 =

y
20

θ

=

y
x

y = 20(tan 38) ≈ 15.6

adjacent side = x

Solving this formula for ‘y’ gives you a value of 15.6 m. Add the height of your eyes above
ground level (1.6 m) to the distance ‘y’ to calculate the total tree height: total tree height =
1.6 m + 15.6 m = 17.2 m.
Therefore, the height of the tree in Figure A22 is approximately 17.2 m.
Using a stick
1.
2.

Mark a stick or ruler 10% along its length (e.g. at the 3 cm mark for a 30 cm ruler;
Figure A23).
Walk away from the tree until the top and bottom of the stick line up with the top and
bottom of the tree (Figure A23). There is no need to stay on the same contour as the
tree.

17 m

30 cm ruler

10% mark on
tree (1.7 m)

1.7 m
10% mark on
ruler (3 cm)
Figure A23. An example of how to estimate the height of a tree using a stick.
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3.
4.

Mark the point on the tree which corresponds to the 10% mark on the stick; measure
the height of this point above ground level (e.g. 1.7 m above ground level; Figure A23).
To calculate the total height of the tree, multiply this measurement by 10. For example,
if the 10% mark aligns with a point 1.7 m above ground level, then the total tree height
= 1.7 m x 10 = 17 m.

Reproductive status
The flowering (particularly age at first flowering) and fruiting times and the timing of
vegetative reproduction are still unknown for many species, so any such reproductive
information will be useful. This data also provides an additional measure of the recovery of
native species after weed control, and the interval at which weed control is needed for
perennial weed species (e.g. before first flowering of the weed species). Such data is also
useful for determining the rate at which native species may re-establish seedbanks, by
providing information about their time to first flowering and seed set.
Species richness
Species richness is an index of the number of species within a sampling unit. It provides a
simple indication of how weed species are affecting species abundance, and whether there
is an increase in overall species abundance following weed control. Although conceptually
simple, species richness relies on a full floristic survey of the sampling unit, and care must
be taken to identify all the species within the sampling unit. It may be difficult to calculate
species richness if 1) there are a large number of species, 2) many species are rare, 3)
species are cryptic or absent above ground at certain times of the year (e.g. orchids), or 4)
the vegetation is dense, making it difficult to assess all areas of the sampling unit.
Species richness can mask important differences in the abundance of different species,
however. For example, a quadrat containing one dominant species and 19 rare species is
very different to a quadrat containing 20 species with similar abundance, yet it has the
same species richness (20 species).
Species diversity
Species diversity is a measure of the ‘evenness’ of species. Species diversity incorporates a
measure of species richness, however it also provides additional information on
community health by providing an index of the abundance of the range of species present
within a community. A diversity index will indicate, for example, whether a community is
dominated by only one species with all other species being relatively rare, or whether the
abundance of all species is relatively even (see the example below, Figure A24).
There are many different diversity indices, each with their proponents and detractors (see
Ludwig and Reynolds 1988, Magurran 1988, Krebs 1998). A commonly used species
diversity index is the Shannon index (H'):
where

S

H’ =

-

Σ
i=1

pilnpi

S = the number of species (also called species richness)
pi = the relative abundance of each species, calculated as the proportion
of individuals of a given species to the total number of individuals
(of all species) in the community (ni /N)
ni = the number of individuals of species i
N = the total number of all individuals

For example, Figure A24 contains a list of the species found at two sites and the abundance
of each species. At Site 1, species 1 dominates with all other species being relatively rare,
while at Site 2 there is a more even abundance of all species. There are an equal number of
species (10 species) and overall abundance of plants (124 individuals) at both sites.
To calculate the diversity (H') index (Figure A24):
1.

Calculate pi, the relative abundance of each species (columns C for Site 1 and H for Site
2), by dividing each species’ abundance (columns B for Site 1 and G for Site 2) by the
total number of individuals in the site (124 in both sites, cells B13 and G13). For
example, in cell C3 enter ‘=B3/124’.
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2.
3.

Multiply each value of pi (columns C for Site 1 and H for Site 2) by the natural log (ln)
of pi (vales in columns D for Site 1 and I for Site 2). For example, in cell D3 enter
‘=C3*ln(C3)’.
Sum these values for all species and multiply the sum by i (or –1) (cell D13 for Site 1
and cell I13 for Site 2). For example, in cell D13 enter ‘=–1*SUM(D3:D12)’.

Figure A24. An example of how to calculate the H' index for two sites.

These calculations give an H' index of 0.82 for Site 1, and 2.29 for Site 2. Site 2 can
therefore be said to have higher species diversity than Site 1, although both sites have an
equal number of species (species richness, ten species at each site) and an overall equal
number of individuals (124 individuals).
Measuring response to control
Information on the response of native species to accidental (off-target) herbicide application
is limited to a relatively small number of species (Toth & Winkler 2008). Recording the
status of native species after control will supplement what is already known, which will be
useful for the wider community, as well as for interpreting your own results.
There are seven categories established to record the response of plant species to control
(Table A9; following Broese van Groenou & Downey 2006, and John Toth unpublished data).
Table A9. Categories for plant species response to herbicides: a score of herbicide burn.
Category

Description

No damage

there has been no damage to the target plant population
as a consequence of control
≤ 25% of the target plant population has been damaged,
with no dead plants
> 25% of the target plant population has been damaged,
with no dead plants.
≤ 25% of the target plant population is dead.
25% of the target plant population is dead
all individuals of the target plant population are dead
you are unsure of the damage to your target plant
population; detail the reasons why you are unsure

L (low damage)
M (moderate damage)
LD (low dead)
MD (moderate dead)
AD (all dead)
Unsure

Data entry
category
0
1
2
3
4
5
(leave
blank)

If you suspect that there has been off-target damage or there has been a report of offtarget damage, you should measure plant responses at the time intervals outlined in the
aerial spraying guidelines (Broese van Groenou & Downey 2006), being 8 weeks and 6
months after herbicide application. In addition to these responses, information must also be
collated on the herbicide application, specifically:
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the herbicide and application rate
the interval between application and the observation (e.g. 3 months)
a follow-up sample to determine long-term response.

Understanding experimental design
A number of important sampling considerations when designing a monitoring program were
outlined on page A4. These sampling issues are described in more detail below.

Unbiased sampling
Unbiased sampling (also known as random sampling) forms the basis of most statistical
techniques. Non-random samples cannot be used to make statistical inferences about your
population. Subjective sampling units should therefore be avoided. This does not mean that
you cannot stratify (see page A48) your sampling design to target specific species or
ecological communities, but that within strata there must be some form of unbiased
sampling. There are several methods of unbiased sampling, two of which are recommended
below.
Random sampling
The locations of all sampling units are selected randomly. Simple random sampling is useful
in relatively small geographic areas with homogenous habitats when temporary quadrats
are used. When permanent quadrats are used, simple random sampling can be used over
larger areas. Random quadrat sampling does not perform very well when populations have
a clumped distribution, and the time taken to determine the random locations and setting
up plots can be considerable. Note also that, by chance, some areas within the target
population may be left unsampled.
Systematic sampling
Systematic sampling uses a randomly selected starting point as the location of the first
sampling unit, with subsequent sampling units placed at regular distances from the starting
point. A common form of systematic sampling is the regular placement of quadrats along a
transect. A systematic sampling design is recommended when sampling clumped
distributions and is commonly used for sampling plant populations. Several advantages of
systematic sampling are short set-up times, good interspersion of sampling units (see
page A46), and more efficient location of systematically distributed sampling units versus
randomly distributed sampling units. It is important that systematic sampling units are
independent of one another. Guidelines for minimum distances between systematic
sampling units were provided on page A4.
There is some evidence that systematic sampling is more representative than random
sampling, primarily because the sampling units are spread evenly throughout the study area
(interspersion). However, systematic sampling only allows an estimation of the sampling
error if the objects being sampled (e.g. the individuals of a target species) are assumed to
be in random order. Systematic sampling is invalid and biased if the unit of repetition (e.g.
the distance between systematic sampling units) follows some natural repetition in the
distribution of objects being sampled. If, for example, the distance between systematic
quadrats along a transect is equivalent to the distance between dune swales, then the same
area of a swale would be sampled repetitively and sampling would not provide data on i) the
overall vegetation found across dunes or ii) the inter-swale vegetation. If the objects being
sampled are distributed randomly, however, then a systematic sample can be treated as
being effectively a simple random sample.
The systematic sampling methods outlined in this manual all use the individual sampling
unit (e.g. the individual quadrats or sub-transects) as the unit of replication. It is possible,
however, to consider the transect upon which these sub-units are placed as the sampling
unit. Your choice of sampling unit will affect average and standard error calculations, and of
course any further analyses. For example, systematic data can be analysed with the
quadrats as the sampling unit (e.g. Figure A25), or by considering the transects as the
sampling unit (e.g. Figure A26). In Figure A26, the average for each transect must first be
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calculated (e.g. the average of cells D16:D20 for Transect 1 in D32, D21:D25 for Transect 2
in D33, and D26:D30 for Transect 3 in D34). The monitoring event average and standard
error is then calculated from these values (e.g. cells D32:D34).

Figure A25. An example of systematic quadrat sampling where the quadrats (sub-units) are
considered the unit of replication.

Figure A26. An example of systematic quadrat sampling where the transects are considered the unit of
replication.

A quick comparison shows that the monitoring event averages (e.g. row 32 for Figure A25
and row 36 for Figure A26) are very similar for the two methods, however the standard
errors (e.g. row 33 for Figure A25 and row 37 for Figure A26) are mostly larger when the
quadrats (sub-units) are the unit of replication (Figure A25), than when the transects are
the unit of replication (Figure A26).
Your decision to consider the sub-units or entire transects as the sampling unit
should depend on the aim and design of your monitoring program.

Interspersion
Interspersion refers to the distribution of sampling units throughout your site. In a robust
sampling design, sampling units should be well dispersed throughout the site. To ensure
interspersion, you should avoid placing all sampling units along a single (or only a few)
transects, even if these have been randomly located.
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Independence
Independence means that the sampling units are placed far enough apart so that
measurements are not spatially correlated, i.e. that what happens in one quadrat will not
affect what happens in another simply because they are located near one another. You must
take care when selecting the spacing of systematic samples to ensure independence; see
page A4 for guidance.

Replication
Lack of replication in sampling is identified as one of the most common mistakes that occur.
Replication is essential to ensure comparisons can be made both spatially and temporally. A
single sample unit provides an imprecise estimate for the whole study population and, no
matter how carefully or randomly chosen, might not be representative. To overcome this,
more than one sampling unit is required. Replication allows you to measure the precision of
the generalisations you make in your study, e.g. average number of a target species in all
20 plots, and also enables the use of standard errors or confidence limits. Tables A5 and A6
provide some advice on the minimum number of samples required to provide adequate
replication for each method. Note that the level of replication referred to in this tier is that
within a site. As sampling units are not replicated across sites, no generalisations can be
made away from the site that is monitored.
Some other important experimental design considerations when designing a monitoring
program are whether to have permanent or temporary sampling units, or to stratify
your sampling units.

Permanent vs temporary sampling
The decision to have either permanent or temporary sampling is a critical one that affects
almost all other aspects of your monitoring.
Temporary sampling
Temporary sampling involves the placement of new plots each sampling period. For
example, if sampling to detect a change in a plant species density over time then in the first
year you would randomly select locations for twenty quadrats within your monitoring site
and count the number of species in each quadrat (adhering to your boundary rule; see page
A25). In the second year of sampling you would randomly select another twenty (new)
locations for your quadrats and count the number of species in each quadrat. The quadrats
in this example are temporary and the two samples are independent of each other in both
space and time.
Permanent sampling
A permanent sampling procedure can also be used with the same sampling objective, i.e. to
detect a change in a plant species density over time. For example, in the first year of
sampling you randomly select the twenty locations as above and count the number of
individuals in each quadrat. However, instead of selecting new quadrat locations each year,
in the first year you permanently mark the locations of the quadrats, typically both
physically using star pickets or another type of marker, and spatially with a handheld GPS
unit. In the second year of sampling you would count the individuals in the same quadrats
as for the first year. In this example the sampling quadrats are permanent and the two
samples are dependent in space, but are independent in time.
The main advantage of using permanent instead of temporary sampling is that for many
species the statistical tests for detecting change from one period to the next in permanent
plots are much more powerful than for those used for temporary plots. This translates into a
reduction in the number of sampling units that must be sampled to detect a certain
magnitude of change. Permanent plots can also help to reduce the time spent monitoring
because although initially intensive to set up, permanently marked plots need only be
located at subsequent sampling events. Conversely, when using temporarily marked plots,
the location of new temporary plots must be determined and plot boundaries delineated in
each sampling period before monitoring can begin.
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Stratified sampling
Stratification involves dividing the monitoring area into non-overlapping areas (strata),
and selecting a simple random sample (or samples) from each of the strata. Stratified
sampling is appropriate if there is some underlying structure to the population, for example
if different soil types result in different communities, if fires have burnt some patches of
vegetation but not others, or if the units to be sampled are not distributed evenly
throughout the study area. Some common methods of stratification include spatial location,
such as altitude, vegetation type, and the soil type. The population is expected to be
uniform within each strata. There is a natural tendency to stratify sampling according to
vegetation type, for example few people would combine monitoring results of Themeda
grasslands with littoral rainforest and expect them to be comparable. In some instances,
however, care needs to be taken that the study area is suitably stratified, for example into
areas with different fire histories.
There are numerous benefits to stratified sampling. Stratified samples will have a smaller
standard error than those obtained with a simple random sample if the individuals within
strata are more similar than individuals in general. Benefits can also arise from having
separate estimates of population parameters for the different strata. By stratifying, you can
also sample different parts of a population in different ways, potentially saving time and
money (Manly 1992).

Considerations when selecting sampling units
Size, shape and number of sampling units
The ideal size, shape and number of sampling units to use will depend on the size and
density of individuals within the community being sampled and your purpose in monitoring.
Size
Sampling units must be large enough to contain a number of individuals, but small enough
that the individuals present can be separated, counted and measured. The ideal dimensions
and number of sampling units will therefore vary between vegetation growth forms.
Shape
Most of the literature for sampling design recommends the use of rectangular quadrats as
opposed to square or circular quadrats. For sampling bitou bush and native species, we also
recommend rectangular quadrats, particularly those that are ≤2 m wide as this will allow
you to measure plants from the boundary and therefore reduce the trampling within your
quadrats. However, the decision on size and shape will depend on your vegetation type and
the species you are targeting.
Sampling unit dimensions are prescribed in the Advanced tier (see Tables A5 and A6),
however a wide range of other dimensions are also valid. Table A10 provides you with some
suggested quadrat dimensions for different vegetation categories. This takes into account
the type of growth form of the plant but also time constraints in sampling. For most plants
other than herbaceous growth forms, the larger the quadrat size the better.
Number
The number of sampling units you use is central to your ability to answer your monitoring
question(s). A number of points should be considered when deciding upon a sample size:
It should be driven by your monitoring objectives. Generally, more rigorous, scientific
studies will require more replicates than those looking for general trends.
It should be based on the variability in the measurements, which should be determined
via a pilot study (see below).
Your selection of sample size should also be based upon the time and resources you have
available to commit to monitoring over the anticipated life of the project. If you are unable
to commit sufficient resources to monitoring a sample size that will answer your monitoring
question, then your monitoring question should be changed and the required sample size
re-calculated.
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Table A10. Guide to determining the size of quadrats for a specific vegetation type.
Category

Quadrat shape
Rectangle

1. Trees

Square
Circular†

2. Shrubs*,
climbers/scramblers
and ferns

Rectangle
Square
Circular†
Rectangle

3. Herbs,
grasses/sedges

Square

Circular†

*
†

Examples of quadrat
dimensions (m)
10 x 50
10 x 100
20 x 50
20 x 100
20 x 20
50 x 50
r = 15
r = 20
r = 25
2 x 10
5 x 10
2 x 25
4 x 25
5x5
10 x 10
r=3
r=5
0.5 x 2
1x5
2x5
3x5
0.5 x 0.5
1x1
2x2
4x4
r = 0.5
r=1
r=3
r=5

Quadrat area
(m2)
500
1000
1000
2000
400
2500
706.86
1256.64
1963.49
20
50
50
100
25
100
28.27
78.54
1
5
10
15
0.25
1
4
16
0.79
3.14
28.27
78.54

Shrubs >5 m tall can also be categorised as trees.
r = radius, the distance from the centre point to the boundary of the circle.

A pilot study is a small-scale study conducted before the main study to test the design or
feasibility of a study design. Information gathered during a pilot study might include the
distribution of target species and how well different sampling unit dimensions capture this
variability, the number of sampling units needed to reduce variability in the data, and an
estimate of the time needed to sample a certain number of sampling units.
When deciding upon the size, shape and number of sampling units, there are a number of
important considerations:
Edge effects
Edge effects are important for both quadrat and transect sampling methods. For quadrats,
the edge is its outer boundary. Rectangular quadrats have more edge per unit area than
circular or square quadrats, and long, skinny rectangles have more edge per unit area than
short, wide rectangles. Edge is an important consideration for quadrats because it affects
how many decisions will need to be made as to whether an individual is inside or outside a
quadrat. This manual suggests several possible boundary rules; see page A25.
A different type of edge effect can affect the distribution of sampling units within a study
area. If random coordinates are used to locate sampling plots, then some plots may fall
across the boundary of the study area (i.e. across the edge of a bitou bush patch).
Transects or quadrats that fall partially outside the study area should not be discarded,
however, as this will result in the under-sampling of edge habitats. One way to avoid this is
to stop the plot at the boundary and to place the remaining portion on the opposite side/end
of the quadrat (i.e. within the study area).
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Ease in sampling
The size and shape of your sampling unit will affect the ease with which it can be sampled.
In a large square quadrat, for example, it may be difficult to keep track of which individuals
you have and have not counted, and you may need to subdivide the large quadrat into
several smaller quadrats. For this reason, long, narrow quadrats are often easier to search.
Abundance of target population
Smaller quadrats are better if the density of individuals is high – this will save you counting
data on hundreds or thousands of individuals. Conversely, if the density of individuals is low
then larger quadrats will avoid sampling many quadrats with no individuals.
Travel and set up time versus searching and measuring time
The terrain and vegetation at a site can have an enormous effect on the time it takes to set
up and travel between sampling units, and also the time taken to search within units and
conduct monitoring. There are several factors you should consider when designing your
monitoring program:
The time required to measure a sampling unit will increase with the size of the sampling
unit.
The time required to set up sampling units will increase with vegetation density, the size
of sampling units, and terrain complexity.
The travel time between units will increase with vegetation density, terrain complexity,
and the distance between sampling units.
The difficulty of locating permanent quadrats and transects will increase with vegetation
density and the distance between sampling units.
Spatial distribution of individuals in the population
Few species are distributed randomly in space; most are instead aggregated or clumped in
their distribution (though some are dispersed). The distribution of a species should affect
the size and shape of the sampling unit you select. You should aim to use sampling units
that intersect some clumps of a species you are interested in, as this will reduce the number
of units with zero counts, and the number of units with very high counts. The sampling unit
length (e.g. the length of a transect or the length of the long side of a quadrat) should
ideally be longer than the mean distance between clumps of a species.
When orienting sampling units, you should also consider the presence of physical (e.g.
slope, soil type, elevation, distance from salt source) or biological (e.g. density, diversity)
gradients in the population. Transects or rectangular quadrats should be positioned so that
they run parallel with any gradients, as the variation along the gradient will then be
captured within sampling units rather than between them. This results in lower variability
between sampling units.
You may consider doing a pilot study to assess the above considerations before
you establish final sampling methods for the rest of your study.

Disturbance effects from monitoring
You should consider what effects your presence might have on the species you are
monitoring, for example through trampling. This is especially important when sampling units
are permanent, as your repeated visits can impact the population independent to the
treatments you are trying to monitor.
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Site name

Date

Management area

Ecological
community (EC)

Control stage
Control activity

pseudo-random

Length of: Transects
Distance between: Transects
Orientation of: Transects

(m)Sub-transects
(m)
Sub-transects

(m) Time since control
(m)

Photopoint no.
no. subtransects

no.
transects
A

(m)

B

(m)

Random
transects

Starting points: fully-random

starting
distance

subtransect
start pts

Observers

Systematic
transects

file name

Eastings

Transect length

(m)

Transect orientation

trans no. 1

2

3

4

5

Northings

4

Total
length
(m)

5

Life history dynamics

Cover (%)
seedling juvenile

Total length
(m)
adult

dead

Height
(m)

vegetative
propagules

Max gap
Intercepts
width
(start + end
(cm)
measurements)

3

fruit

Target species name

2

flowers

Subtransect
(no.)

Transect
(no.)

Floristic survey

1

no
reproductio

Reproductive status

trans no.

Response
to control

Appendix A1. Line-intercept transect field
datasheet
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Line-intercept Transect Field Datasheet
Bitou TAP site no.
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Site name

Management area

page 2

Date

Notes
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Line-intercept Transect Field Datasheet
Bitou TAP site no.

Control stage

seedling juvenile

Total length
(m)
adult

dead

Height
(m)

vegetative
propagules

Cover (%)

fruit

Total
length
(m)

flowers

Subtransect
(no.)

Transect
(no.)

Target species name

Intercepts
Max gap
width
(start + end
(cm)
measurements)

no
reproductio

Reproductive status

Life history dynamics

Response
to control
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Site name

Date

Management area

Control activity

Quadrat
dimensions
(m)

Cover categories (%)
% cover (value)

cover category

0 not present 2 6-25%
1 1-5% cover 3 26-50%

sub-cats

4 51-75%
5 >75%

1A Very common 1B common 1C uncomon 1D one/few
Target species name

cover

count

no.
quadrats

3

4

5

Eastings

A

(m)

B

(m) Northings
(m)

C

trans no.

2

1

2

3

4

5

Reproductive status
Floristic survey

Life history dynamics

Cover (%)

Count

seedling juvenile adult

DBH (m)
dead

1

2

3

Height (m)
4

5

1

2

3

4

5

vegetative
propagules

Orientation of: Transects

no.
transects

1

fruit

(m)

trans no.
(m)

plants touching 2
adjacent sides from
the tagged star
picket are 'in'; all
others must be
completely within
the quadrat to be
counted

Photopoint no.

flowers

Dimensions of: Quadrats

(m) Transects

Time since control

quadrat
starting points

Distance between: Quadrats

(m)

no
reproductio

starting
distance

pseudo-random

Random
quadrats

Starting points: fully-random

Systematic
quadrats

Ecological
community (EC)

Control stage

Observers

Transect
(no.)
Quadrat
(no.)

file name

Response
to control

Appendix A2. Quadrat field datasheet
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Quadrat Sampling Field Datasheet
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Site name

page 2

Date

Management area

Notes
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Quadrat Sampling Field Datasheet
Bitou TAP site no.

Control stage

Count

seedling juvenile adult

Height (m)

DBH (m)
dead

1

2

3

4

5

1

2

3

4

5

vegetative
propagules

count

fruit

cover

flowers

Transect
(no.)
Quadrat
(no.)

Cover (%)
Target species name

no
reproductio

Reproductive status
Life history dynamics

Response
to control
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Site name

Management area

Target tree species name

Distances (m)
X

Y

DBH (m)

Height (m)

1st tree2nd tree

1st tree2nd tree

Life history dynamics
(tree numbers)

seedling juvenile adult

vegetative
propagules

Northing

Reproductive status

Direction
to 1st
tree
(degrees
from

fruit

random

Datum

flowers

systematic

Photopoint no.

no
reproductio

pseudo-random

Start point
no.

Ecological
community (EC)

Control activity

Starting points: fully-random

Easting

file name

Control stage

Observers

Distribution:

Date

Response
to control

Appendix A3. T-square sampling field
datasheet
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Bitou TAP site no.
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Appendix A4. Rare species sampling field
datasheet
Rare Species Field Datasheet
Site name

Bitou TAP site no.

Date

Management area

file name

Observers

Control stage
Control activity

Ecological
community

Time since control

Photopoint no

Rare species

Comments
Threatened species

A56

healthy

Health status

diseased

vegetative
propagules

fruit

flowers

Reproductive status
no
reproduction

adult

juvenile

seedling

plant number

Life history

sick

TAP Priority

Height
(m)

DBH (m)

Easting

Northing

Datum
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Control activity

herbicide - foliar spray

(m)Sub-transects

Distance between: Transects

(m)

(m)

Orientation of: Transects

no.
transects

Sub-transects

Photopoint no. plot 8

no. subtransects

3

0

A

(m)

B

(m)

Random
transects

Length of: Transects

(m) Time since control 11 months

subtransect
start pts

Systematic
transects

starting
distance

 pseudo-random

Transect length
Transect orientation

Coastal heath

Eastings

25

(m)

NE

trans no. 1

Northings

418227

Ferdinand Faire, Tom Maleza, Sarina Kasvi

2

3

4

5

6571532

Observers

Ecological
community (EC)

418230

Stage 1, year 2

file name

6371533

Control stage

6/4/20009

418221

Area C

Date

6371532

Management area

Starting points: fully-random

Site name Example Nature Reserve

1
1
1
2
2

Chrysanthemoides monilifera ssp. rotundata

10

"
"

Grevillea humilis ssp. maritima

10

"
"

Chrysanthemoides monilifera ssp. rotundata

10

"

Total
length
(m)

4.1 - 9.3

5.2

12 - 15.9

3.9

20 - 24.7

4.7

1.9 - 2.1

0.2

6.2 - 6.9

0.7

18.1 - 18.9

0.8

3.7 - 4.9

1.2

6.2 - 8.6

2.4

2

"

8.9 - 15.5

6.6

2

"

18.2 - 19.3

1.1

24.5 - 25

0.5

2
2
2
2
3
3
3
3

"

Grevillea humilis ssp. maritima

10

"
"

Chrysanthemoides monilifera ssp. rotundata

10

"
"

Grevillea humilis ssp. maritima

10

4

0.1 - 0.9

0.8

11.4 - 11.6

0.2

17.2 - 17.8

0.6

1.7 - 3.8

2.1

5.2 - 6

0.8

11.4 - 21.9

10.5

7.6 - 8.9

1.3

3

"

10.3 - 11.5

1.2

3

"

23.8 - 24.3

0.5

5

Life history dynamics

Cover (%)



seedling juvenile

10

Total length
(m)
adult

70

dead

Height
(m)

20

1.4





0.3



ND

0.6



LD

0.25



ND

0.9





L

0.2





ND

100

60

80

15

10

20

80

20

100

vegetative
propagules

Intercepts
Max gap
width
(start + end
(cm)
measurements)

3

fruit

1

Target species name

2

flowers

1

Subtransect
(no.)

Transect
(no.)

1

Floristic survey

1

no
reproductio

Reproductive status

trans no.

15

Response to
control

LD

Appendix A5. Filled-in examples of each
datasheet

2411

Random line-intercept example
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Line-intercept Transect Field Datasheet
Bitou TAP site no.

A57

Area C

Control stage

Stage 1, year 1

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Control activity

herbicide - foliar spray

Length of: Transects

100

(m)Sub-transects

Distance between: Transects

100

(m)

Orientation of: Transects

E

Sub-transects

12

10

6/4/20009

(m) Time since control prior to control
(m)

no.
transects

E

no. subtransects

5
12

19

3

9

B

48

7

29

1

1

2

3

4

Photopoint no. plot 8

10
4

(m)

Transect length

Coastal heath

Eastings
(m)

Transect orientation

trans no.

1

2

3

4

5

Northings

13 (m)

Chrysanthemoides monilifera ssp. rotundata

10

"
10

0 - 4.6

4.6

5.7 - 9

3.3

4.3 - 5.3

1

0.8 - 2.2

2.1

"

3.7 - 5.8

0.7

1

1

Pultenaea maritima

1

2

Chrysanthemoides monilifera ssp. rotundata

1

2

1

2

"

6.4 - 9.2

2.8

1

2

"

9.7 - 10

0.3

Chrysanthemoides monilifera ssp. rotundata

2

1

2

1

2

2

2

2

3

1

3

1

3

2

Chrysanthemoides monilifera ssp. rotundata

3

2

Pultenaea maritima

4

1

Chrysanthemoides monilifera ssp. rotundata

10

"

Chrysanthemoides monilifera ssp. rotundata

10

"

Chrysanthemoides monilifera ssp. rotundata

10

0.9 - 4.1

3.2

5.7 - 9.2

3.5

0 - 3.9

3.9

4.3 - 8.1

3.9

Cover (%)



seedling juvenile

Total length
(m)
adult

100

20

dead

Height
(m)

1.5

100

0.9

80

1.4



100

1.4



100

1.5



100

1.3



0.1 - 0.9

0.8

3.4 - 8.6

5.2

10

4.5 - 9

4.5

100

1.3

10

1.7 - 3.8

2.1

100

1.1

10

0 - 3.7

3.7

100

1.3

"

4

1

"

5.2 - 6

0.8

4

1

"

7.6 - 8.9

1.3

4

1

Pultenaea maritima

10

3.3 - 4.9

1.6

100

1

4

2

Chrysanthemoides monilifera ssp. rotundata

10

0.2 - 5.3

5.1

100

1.4

4

2

6.7 - 9.1

2.4

5

1

Chrysanthemoides monilifera ssp. rotundata

10

3.3 - 7.1

3.7

5

1

Pultenaea maritima

10

0.3 - 2.1

1.8

8.2 - 8.5

0.3

5

1

5

2

5

2

"

"

Chrysanthemoides monilifera ssp. rotundata
"

10

0.2 - 3.8

2.6

4.1 - 9.7

5.6

20



100

1.3

80

0.9

100

1.3













vegetative
propagules

1

Total
length
(m)

fruit

1

1

Target species name

Intercepts
Max gap
(start + end
width
measurements)
(cm)

Life history dynamics

flowers

Subtransect
(no.)

1

Floristic survey

5

no
reproductio

Reproductive status

trans no.
Transect
(no.)
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A

file name
Ecological
community (EC)

Random
transects

starting
distance

subtransect
start pts

Systematic
transects

pseudo-random 

Date

418221

Management area

Starting points: fully-random

Site name Example Nature Reserve

6371532

2411

Response to
control

Systematic line-intercept example

A58

Line-intercept Transect Field Datasheet
Bitou TAP site no.

2411

Management area

Area C

Control stage

Stage 1, year 2

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Control activity

herbicide - foliar spray

0 not present 2 6-25%

Transect
(no.)
Quadrat
(no.)

1 1-5% cover 3 26-50%
sub-cats

4 51-75%
5 >75%

1A Very common 1B common 1C uncomon 1D one/few
Target species name

cover

count

1

2

3

4

418223

418222

6571533

6571534

(m)

C

trans no.

418227

(m) Northings

5

Reproductive status
Floristic survey

Life history dynamics

Cover (%) 

Count

seedling juvenile adult

DBH (m)
dead

1

2

3

Height (m)
4

5

1

2

3

4

5

vegetative
propagules



B

plants touching 2
adjacent sides from
the tagged star
picket are 'in'; all
others must be
completely within
the quadrat to be
counted

fruit

cover category

(m)

6571532

Cover categories (%)
% cover (value)

A

5

418230

(m)

Eastings

4

6371533

25 x 2

5

3

418221

Orientation of: Transects

Quadrat
dimensions

no.
quadrats

2

6371532

(m)

no.
transects

(m)

1

Coastal dunes

Plot 6

Photopoint no.

trans no.

(m) Transects

Dimensions of: Quadrats

Ecological
community (EC)

Time since control 11 months

quadrat
starting points

Distance between: Quadrats

(m)

file name

flowers

starting
distance

 pseudo-random

Random
quadrats

Systematic
quadrats

Starting points: fully-random

6/4/20009

Date

no
reproductio

Site name Example Nature Reserve

Response
to control

AD

1

Chrysanthemoides monilifera ssp. rotundata

2

1

Sophora tomentosa

1D

1

Acacia longifolia ssp. sophorae

2

5

75

-

-



1

Banksia serrata

1D

10

90

0.7

3.3



20

0.1

1.8



LD

-

-



AD

100

0.4

2.2

70

-

-



90

0.7

3.1




80

20
100

1

Lantana camara

1C

80

2

Chrysanthemoides monilifera ssp. rotundata

2

80

2

Sophora tomentosa

1D

2

Acacia longifolia ssp. sophorae

2

10

2

Banksia serrata

1D

10

2

Lantana camara

0

3

Chrysanthemoides monilifera ssp. rotundata

2

3

Sophora tomentosa

1D

20

20

20

3

Acacia longifolia ssp. sophorae

1A

Banksia serrata

0

3

Lantana camara

0

4

Chrysanthemoides monilifera ssp. rotundata

1A

4

Sophora tomentosa

1D

4

Acacia longifolia ssp. sophorae

2

4

Banksia serrata

1D

4

Lantana camara

2

80
80

10

85

10

A59

5

Chrysanthemoides monilifera ssp. rotundata

2

5

Sophora tomentosa

0

5

Acacia longifolia ssp. sophorae

3

20

5

Banksia serrata

1D

100

5

Lantana camara

0





L



ND

ND



2.5

70

-

-







ND
ND



AD




ND



ND

MD

-

-

100

0.4

2.2

80

-

-







100

0.8

3.5







20

0.1

1.7



MD

-

-



AD

-

-



-

-



10

20

10

ND



-

5

10



0.3

30

20

1.9

100

70

3

0.3

60

10

ND





ND
ND

LD
ND

Random quadrat example
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Quadrat Sampling Field Datasheet
Bitou TAP site no.

Control stage

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Control activity

25 x 2

Orientation of: Transects

NE

(m)

(m)

trans no.

20

no.
transects

(m)

Quadrat
dimensions
(m)



cover category

0 not present 2 6-25%
1 1-5% cover 3 26-50%

Transect
(no.)
Quadrat
(no.)

Monitoring manual for bitou bush control and native plant recovery

Cover categories (%)
% cover (value)

sub-cats

4 51-75%

3

9

1

5

24

9

(m)
(m) Northings

B

(m)

C

trans no.

Eastings

1

2

3

4

1

5 >75%

cover

count

80

25

2

1

1

1

Chrysanthemoides monilifera ssp. rotundata

1

1

Sophora tomentosa

1

1

Acacia longifolia ssp. sophorae

20

6

1

1

Banksia serrata

10

2

1

1

Lantana camara

10

2

1

Chrysanthemoides monilifera ssp. rotundata

2

1

Sophora tomentosa

2

1

2

1

2

Cover (%) 

100
100

3

Height (m)
1

2

3

4

5

-

1.5

1.6

1.3

1.2

0.8

n/a

0.9

1

2

3

4

5

-

1.5

1.5

80

0.7

n/a

3.2

1.1

2

100

0.1

0.1

1.5

2.1

70

18

100

-

1.4

1.6

5

1

100

0.3

2.1

Acacia longifolia ssp. sophorae

30

9

100

-

1.3

Banksia serrata

10

1

100

0.8

3.7

1

Lantana camara

10

3

100

0.1

3

1

Chrysanthemoides monilifera ssp. rotundata

80

23

100

-

3

1

Sophora tomentosa

10

3

70

0.5

3

1

Acacia longifolia ssp. sophorae

10

3

100

-

3

1

Banksia serrata

10

1

100

0.8

3.4

3

1

Lantana camara

5

1

100

0.1

2.8

4

1

Chrysanthemoides monilifera ssp. rotundata

90

31

95

-

1.5

4

1

Sophora tomentosa

15

1

100

0.4

2.3

4

1

Acacia longifolia ssp. sophorae

5

3

70

-

30

5

30

0.1

n/a

0.1

n/a

1.4

1.6

1.3


1.3

1.1


1.5

1.6

1.6

1.6

1.9

1.3

1.5

1.4

0.9

2.5

0.7

0.5



1.4

1.5

1.4





1.4



1.6

1.5

1.6

0.5

0.3

1.3




20

2

100

0.9

0.7

3.5

2.8

Lantana camara

10

2

100

0.1

0.1

2.1

1.9

5

1

Chrysanthemoides monilifera ssp. rotundata

70

19

100

-

0.9

0.5

0.8

1.3

1.4

100

0.4

2.4

90

-

1.4

1.1

1.5

0.4

1

100

0.9

3.8

5

1

Acacia longifolia ssp. sophorae

15

6

5

1

Banksia serrata

10

1

10



0.9

Banksia serrata

Sophora tomentosa



1.5

1

1



1.6

1

1



1.4

4

5




4

5




100
20

5

Reproductive status

DBH (m)
dead

4

Floristic survey

Count

seedling juvenile adult

2

5

Life history dynamics

1A Very common 1B common 1C uncomon 1D one/few
Target species name

A

no.
quadrats

5

plants touching 2
adjacent sides from
the tagged star
picket are 'in'; all
others must be
completely within
the quadrat to be
counted

Photopoint no. Plot 6

Time since control prior to control

418221

Dimensions of: Quadrats

(m) Transects

37

Coastal dunes

6371532

n/a

Distance between: Quadrats

starting
distance

quadrat
starting points



pseudo-random

Random
quadrats

Systematic
quadrats

Starting points: fully-random

Ecological
community (EC)

Stage 1, year 2








vegetative
propagules

Area C

file name

flowers

Management area

6/4/20009

Date

fruit

Site name Example Nature Reserve

no
reproductio

2411

Response
to control

Systematic quadrat example
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Quadrat Sampling Field Datasheet
Bitou TAP site no.

2411

Site name Example Nature Reserve

Management area

Area C

Control stage

Stage 1, year 2

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Control activity

herbicide - foliar spray

Start point
no.

Easting

Northing

11 months

Photopoint no.

plot 8

AGD 66

Datum



Target tree species name

Bangalay Sand Forest

Reproductive status

Direction
to 1st
tree
(degrees
from

Distances (m)
X

Y

DBH (m)

Height (m)

1st tree2nd tree

1st tree2nd tree

Life history dynamics
(tree numbers)

seedling juvenile adult

vegetative
propagules

random

Ecological
community (EC)

fruit

systematic

Distribution:

file name

flowers

 pseudo-random

6/4/20009

no
reproductio

Starting points: fully-random

Date

Response
to control

1

418221

6371532 Eucalyptus pilularis

30

2

13

0.09 0.38

1.8

27.5

1

2

2

1

ND

2

418221

6371594

"

290

4

20

0.29 0.13

23

1.8

2

1

1

2

ND

3

418306

6371862

"

45

21

17

0.49

31

0.9

2

1

2

1

ND

4

418297

6371346

"

170

1

16

0.16 0.43

2.9

21

1

2

5

418284

6371759

"

190

18

16

n/a

0.9

1.2

1,2

1

418298

6371757 Eucalyptus botryoides

160

39

17

0.37 0.83

20

32

1,2

1,2

2

418270

6371605

"

145

21

37

0.91 0.43

17

18

1,2

1,2

ND

3

418281

6371546

"

25

22

10

0.81 0.58

31

34

1,2

1,2

ND

4

418301

6371546

"

350

27

9

0.5

0.67

23

23

1,2

1,2

ND

5

418298

6371835

"

275

8

26

0.7

0.76

23

24

1,2

1,2

1

418255

6371715 Angophora costata

2

26

10

0.59 0.34

26

11

1,2

1,2

ND

n/a
0.07

2

418229

6371567

"

110

19

18

0.48 0.08

22

4

3

418303

6371501

"

165

32

18

0.53 0.28

25

17.5

4

418271

6371640

"

135

27

11

0.39

25

0.9

5

418251

6371741

"

15

24

8

23

37

n/a

0.35 0.79

2
2

1

1,2

ND

2

L(1), ND

ND

ND

1

1,2

ND

1,2

1,2

ND

1

1,2

ND

1,2

1,2

ND

T-square example
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T-square Distance Measure Field Datasheet
Bitou TAP site no.

A61

Rare species example
Rare Species Field Datasheet
Bitou TAP site no.

2603

Management area

Area A

Observers

Ferdinand Faire, Tom Maleza, Sarina Kasvi

Site name Example National Park

Date
file name

Ecological
community

Eastern Suburbs Banksia Scrub

Rare species

Acacia terminalis ssp. terminalis

Control stage Stage 1, year 1
Control activity herbicide - foliar spray
Time since control

Medium

TAP Priority

6/4/20009

6 months

Photopoint no

Plot 12

Comments

Threatened species

Endangered

All individuals found within a small area (approximately 6 x 9 m) on

the eastern side of Scenic Drive - area was burnt approx 3 years ago.
Given small size of area, only one easting and northing are given.

Health status

0.32

4



6




5










8







9



12

A62





0.25



0.16



0.85





1.7

0.15

1.58

0.19





0.79



0.32



1.55



0.9






DBH (m)

Easting

Northing

Datum

418225

6371547

AGD66

0.35






11

Height
(m)



7

10

healthy

0.16



diseased





sick





vegetative
propagules



3

fruit

2

flowers



no
reproduction



juvenile

1

adult

seedling

Reproductive status

plant number

Life history

0.12
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Appendix A6. The importance of random
sampling
There are a number of reasons why it is often difficult to measure or count all the
individuals within a population, including time and money constraints, a large number of
individuals, or difficulty in accessing some areas. If it is not possible to measure or count all
the individuals within a population, we must select an area of the population to sample.
Because individuals are rarely evenly distributed within an area, it is important to sample
randomly to ensure that we get a true representation of the population. The following
example illustrates why.
Imagine you wish to know approximately how many plants of a particular species are within
an area of known size. You are limited, however, in the time and money available for a
survey. You therefore decide to divide your study area into 100 evenly sized cells (a 10 x 10
grid), and to perform surveys in 10 of these cells; this way you can simply multiply the
number of individual plants you count by 10 to get an estimate for the whole area.
If you know that the individual plants are not evenly spaced throughout your study area,
then it might be tempting to go to those places where you know they do occur (Figure A27).
Doing so would give you the following results (Table A11):
Coordinates
X
Y
8
1
0
2
4
2
0
4
7
4
4
5
4
6
0
8
4
8
8
8
Total

# of
plants
5
3
3
4
5
4
1
4
4
5
38

Table A11. Coordinates and
plant counts for non-randomly
selected quadrats in a 10 x 10
grid.

Figure A27. Squares
indicate the location
of quadrats within
the 10 x 10 grid.

***
*
*

* *
*

* *
*
* ** *
* * *
*
*

* *
* * **
* *
* *

*
* *
****
*
* *
* *
*
* *
*** *
*
*
*
**
*
*
*
*
* * *
*
*
**
* *
*
*
*
* *
*
*
*
** *
* *
*
*
**
*
*

*
* *
*
**
*
*

Estimated population size = (number of plants counted x 10) = 380
Compare this with counts in randomly selected quadrats (Table A12; Figure A28):
Coordinates
X
Y
4
0
7
1
0
2
8
3
0
4
6
4
2
5
3
6
9
6
1
8
Total

# of
plants
0
0
3
0
4
1
2
0
0
1
11

Table A12. Coordinates and
plant counts for randomly
selected quadrats in a 10 x 10
grid.

Figure A28. Squares
indicate the location
of randomly selected
quadrats within the
10 x 10 grid.

***
*
*

* *
*

* *
*
* ** *
* * *
*
*

* *
* * **
* *
* *

*
* *
****
* *
*
* *
*
*
*
*** *
*
*
*
**
*
*
*
*
* * *
*
*
**
* *
*
*
*
* *
*
*
*
** *
* *
*
*
**
*
*

*
* *
* **
*
*

Estimated population size = (number of plants counted x 10) = 110
The actual number of individual plants in this 10 x 10 grid was 100. Biasing your sampling
towards areas in which you knew the plants exist would have grossly over-estimated your
population (estimated population size = 380). In contrast, the estimated number of
individuals based on the random sampling (estimated population size = 110) is a good
approximation of the actual number present.
Advanced monitoring techniques – importance of random sampling
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Appendix A7. Evaluating data
To answer your monitoring questions, whatever they might be, you must:
a. enter your data
b. analyse your data
c. graph your data.
The following section details methods for completing these three steps. Entering and
analysing your data are grouped together; overviews of both steps are given, accompanied
by examples. Following these overviews are detailed instructions on how to enter and
analyse data for each of the three sampling methods: line-intercept transects, quadrats
and T-square sampling. Within each sampling method there are instructions to enter and
analyse abundance, demographic and response to control data collected randomly or
systematically. Examples for single target species and/or multiple target species are
provided. The graphing section provides detailed instructions on how to graph averages and
standard errors for single species and multiple species. These instructions can be used to
graph any data that is organised as outlined in the entering and analysing your data
section.

Entering and analysing your data
Entering your data
Before monitoring data can be analysed and graphed, it must be entered into a spreadsheet
or database program such as Microsoft Excel. The purpose of data analysis is to look for
trends in vegetation measures across replicated sites (within a monitoring area), and over
time. Data must therefore be logically organised into columns and rows so that data from
multiple sites can be collated in one sheet, and to enable the addition of new data from
future monitoring events. In spite of the range of sampling methods and measures covered
in the Advanced tier, the data from all these methods and measures can be arranged
similarly.
In addition to organising your data logically, it is also vitally important that the data is
adequately labelled. Such labelling will assist you in maintaining your records, and it will
also ensure that future users of the data can identify what the data is, and when, where and
how it was collected. To ensure this, we recommend you have a section at the top of each
data table which contains all the identifying information for both the site and the
monitoring program (e.g. Figure A29).

Figure A29. An example of information to be recorded at the top of each datasheet.
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You can easily and quickly identify, for example, that the data in Figure A29 is percentage
cover data sourced from a monitoring program using 10 m long, randomly distributed lineintercept transects within Area C of Example Nature Reserve. The Bitou TAP site number for
this site, details of the associated photopoint, and a brief description of how the data were
collected are also recorded. The name of the file that contains this datasheet is also
recorded at the top of the sheet.

Analysing your data
The aim of analysing your data is to calculate a set of descriptive statistics that can be used
to assess how your measures (cover, density, etc.) are changing over time. We will be using
several descriptive statistics:
Average (also known as the mean): the sum of a set of values, divided by the number
of values.
Standard error: a measure of the variability of values around the mean; incorporates
another descriptive statistic, the standard deviation.
Median: the value in the middle of a set of values.
Mode: the most commonly occurring value from a range of values.
Proportion: the comparative relationship between two values.
Which of these functions you can use will depend on the type of data you have collected.
This manual describes the collection of three types of data:
Continuous data can take any value within a range. Examples include the percentage
cover data collected using line-intercept transects, or densities calculated using quadrats
or the T-square method. You can calculate all four descriptive statistics for continuous
data, however we will focus on the average and standard error.
Ordinal data (or rank data) are values used to rank categories, when there is directional
change in the categories that corresponds to a change in the rank. Examples include the
cover category scores collected using quadrats, where categories of increasing value
indicate increasing vegetation cover. Note that while ordinal data indicate the relative
difference between categories, they do not give absolute differences. For example, when
comparing a quadrat which has a cover category of 4, with a quadrat with a cover
category of 2, you can say that the first quadrat has greater vegetation cover than the
second, but not twice as much. You can calculate the mode and median of ordinal data,
but not the mean or standard error.
Binomial data is data where only two values are possible, generally a 0 or a 1. Examples
include the presence or absence of target species collected on line-intercepts and in
quadrats. You can calculate proportions of binomial data, for example, the proportion of
sampling units where a target species was present; i.e. the ratio of the number of
sampling units where a target species was present to the total number of sampling units
surveyed. You cannot calculate the standard error of binomial data, nor are the mode or
median useful. In some instances, e.g. binomial data, the proportion is equivalent to the
average; however, this is not always the case.
All descriptive statistics can be calculated by hand, however it is far easier to use a
spreadsheet or database program. Below are examples of how to calculate each of the
abovementioned descriptive statistics in Excel. Note that formulae are described within
quotation marks, for example ‘=AVERAGE(C16:C20)’. When entering these formulae into
cells in Excel enter only what is between the quotation marks.
Calculating the average
The formula to calculate the average is ‘=AVERAGE(range of values)’.
1.
2.

Select the cell in which you wish to calculate the average (e.g. cell C22; Figure A30
across transects 1–6).
Enter the AVERAGE function into this cell and select the values you wish to average. For
example, to calculate the average of cells C16:C20 in cell C22 (Figure A30), enter
‘=AVERAGE(C16:C20)’ in cell C22.
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3.

Repeat step 2 for subsequent monitoring events and for each target species (e.g. cells
D22:L22 for November 2008 – November 2012; Figure A30).

Figure A30. An example of how to calculate the average of a range of values. Note that this data is
continuous.

Calculating the standard error
The formula to calculate the standard error incorporates two functions: STDEV (the
standard deviation of a set of values) and SQRT (the square root of a value). The complete
formula is ‘=STDEV(range of values)/SQRT(number of values)’.
1.
2.

3.

Select the cell in which you wish to enter the standard error (e.g. cell C23; Figure A31
being the standard error of transects 1–5).
Enter the standard error formula into this cell. For example in cell C23 of Figure A31,
enter ‘=STDEV(C16:C20)/SQRT(5)’. This will calculate the standard deviation of the
values in cells C16:C20, and divide the standard deviation by the square root of the
number of values used to calculate the standard deviation (5; one for each transect
monitored).
Repeat these steps for subsequent monitoring events and for each target species (e.g.
cells D23:L23 for November 2008 – November 2012; Figure A31).

Figure A31. An example of how to calculate the standard error of a range of values. Note that this
data is continuous.

Calculating the median
The formula to calculate the median is ‘=MEDIAN(range of values)’.
1.
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Select the cell in which you wish to enter the median (e.g. cell C22; Figure A32 for
quadrats 1–5).
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2.
3.

Enter the median formula into this cell. For example, to calculate the median of cells
C16:C20 in cell C22 (Figure A32), enter ‘=MEDIAN(C16:C20)’ in cell C22.
Repeat these steps for subsequent monitoring events and for each target species (e.g.
cells D22:L22 for November 2008 – November 2012; Figure A32).

Figure A32. An example of how to calculate the median of a range of values. Note that this data is
ordinal.

Calculating the mode
The formula to calculate the mode is ‘=MODE(range of values)’.
1.
2.
3.

Select the cell in which you wish to enter the mode (e.g. cell C23; Figure A33 for
quadrats 1–5).
Enter the mode formula into this cell. For example, to calculate the mode of cells
C16:C20 in cell C23 (Figure A33), enter ‘=MODE(C16:C20)’ in cell C23.
Repeat these steps for subsequent monitoring events and for each target species (e.g.
cells D23:L23 for November 2008 – November 2012; Figure A33).

Figure A33. An example of how to calculate the mode of a range of values. Note that this data is
ordinal.
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Line-intercept transects
Line-intercept transects can be used to collect the data needed to determine the percentage
cover and presence/absence of bitou bush and other plants in your monitoring area. They
can also be used to collect data on demographic measures such as life history dynamics,
diameter at breast height (DBH), height, reproductive status and response to control.

Percentage cover
Before percentage cover data from line-intercept transects can be entered and analysed, it
is first necessary to demonstrate how to calculate the percentage cover of a single target
species within an individual transect.
i)
ii)

Sum the individual cover distances for a target species over the transect.
Divide this total cover distance by the total transect length to calculate the
proportion of the transect covered by a species.
iii) Multiply this value by 100 to calculate the percentage cover for the transect.
For example, if the individual distances for a single line-intercept transect (total transect
length of 10 m) are:
a = 0.5 m – 1.3 m = 0.8 m
b = 1.8 m – 3.0 m = 1.2 m
c = 3.3 m – 5.0 m = 1.7 m
d = 6.5 m – 8.6 m = 2.1 m
e = 9.3 m – 10.0 m = 0.7 m,
and the formula to calculate the percentage cover is:
% cover =

(Dis tan ce a + b + c + d + e) × 100% ,
total length of tran sec t

then the percentage cover of the target species on Transect 1 is:
% cover =

(0.8 + 1.2 + 1.7 + 2.1 + 0.7) × 100%
10

=

65%

The percentage cover value of the target species on this transect (65%) is the basis for
future calculations of percentage cover (e.g. cell C16; Figure A34).
Random line-intercept transects
Enter data
1.

2.
3.
4.

5.
6.
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Open a new file in a spreadsheet program (e.g. Excel) and save it as an easily
recognisable file name. We recommend Bitou TAP site no._Site name_Management
area_Sampling method_measure (for example, TAP 2411_Example NR_Area C_random
line intercept_cover; Figure A34). Create and complete the top section of your
datasheet, detailing when, where and how the data was collected.
List the number and type of sampling unit used in the first column (e.g. Transects 1–5
in cells A16:A20; Figure A34).
List the target species being sampled in the next column to the right (e.g. Dianella
congesta in cells B16:B20; Figure A34).
Enter the date of the monitoring event at the top of the next column to the right (e.g.
Apr-2008 in cell C14; Figure A34). Additional data such as whether the survey was
before or after control can be entered underneath the date; move the sampling unit
names down (e.g. to start in cell A16).
Enter the data for a sampling unit in the cell corresponding to the monitoring date (e.g.
cells C16:C20 for data collected on Transects 1–5 in April 2008; Figure A34). See steps
i–iii outlined above.
Data collected on subsequent monitoring events should be entered into the next column
to the right (e.g. cells D16:L16 for data collected on Transect 1 from November 2008 –
November 2012; Figure A34).
Monitoring manual for bitou bush control and native plant recovery

Analyse data
7.

Underneath your data, list the names of your target species twice (e.g. ‘Dianella
congesta’ in cells B22:B23; Figure A34, and the six target species in cells B35:B40, and
B42:B47; Figure A35).

Figure A34. An example of how to organise and calculate the average and standard error of
percentage cover data for a single target species sampled using five random line-intercept transects.

Figure A35. An example of how to organise and calculate averages and standard errors of percentage
cover data for multiple target species sampled using three random line-intercept transects. Note: For
brevity, the information section at the top of the page has not been shown.

8.

9.

Rows containing the upper list of target names will contain the monitoring event (ME)
average functions for each target species; insert an appropriate heading for these rows
in the column to the left of the target species’ names (e.g. ‘ME average’ in cells A22 and
A35 of Figures A34 and A35 respectively).
Rows containing the lower list of target names will contain the monitoring event
standard error calculations for each target species; insert an appropriate heading for
these rows in the column to the left of the target species’ names (e.g. ‘ME standard
error’ in cells A23 and A42 of Figures A34 and A35 respectively).
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10. For each target species, average the percentage cover values collected from all lineintercept transects that were sampled within a monitoring event. For example, cell C22
in Figure A34 contains the average percentage cover of Dianella congesta from five lineintercept transects sampled in April 2008 (‘=AVERAGE (C16:C20)’), while cell C35 in
Figure A35 contains the average percentage cover of bitou bush (Chrysanthemoides
monilifera) from three line-intercept transects sampled in April 2008 (‘=AVERAGE (C16,
C22, C28)’).
11. For each target species, calculate the standard error of the percentage cover values
from all line-intercept transects sampled within a monitoring event. For example, cell
C23 in Figure A34 contains the standard error for data Dianella congesta cover collected
in April 2008 (‘=STDEV(C16:C20)/SQRT(5)’), while cell C42 in Figure A35
(‘=STDEV(C16, C22, C28)/SQRT(3)’) contains the standard error of the transect values
for bitou bush cover data collected in April 2008.
12. Repeat steps 10–11 for all subsequent monitoring events. For example, averages in
cells D22:L22, and standard errors in cells D23:L23 for Dianella congesta data collected
from November 2008 to November 2012 (Figure A34); averages in cells D35:L40, and
standard errors in cells D42:L47 for the six target species monitored from November
2008 to November 2012 (Figure A35).
Systematic line-intercept transects
Enter data
13. Follow steps 1–6 outlined above for random line-intercept transects, but:
14. List the names of the transects upon which the sub-transects (sampling units) are
located systematically in the first column (e.g. cells A16, A21, A26; Figure A36), and
the names of the sub-transects in the next column (e.g. cells B16:B30; Figure A36). All
other data will therefore be moved one column to the right.
Analyse data
15. Follow steps 7–12 outlined above.

Figure A36. An example of how to organise and calculate averages and standard errors of percentage
cover data for a single target species sampled using five systematic sub-transects located on each of
three transects.
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Presence/absence
Random line-intercept transects
Enter data
16. Enter data following steps 1–6 outlined above, but
17. Enter a value of 1 if the species is present on a transect no matter how abundant, enter
a value of 0 if the target species is not present on the transect (e.g. Figure A37).
Analyse data
18. Calculate the proportion of sampling units where a target species was present using
the AVERAGE function. Note: You cannot calculate standard errors for binomial data.
19. Underneath your data, list the names of your target species once (e.g. ‘Dianella
congesta’ in cells B22; Figure A37.
20. Insert an appropriate heading for this row in the column to the left of the target species
names (e.g. ‘ME proportion present’ in cell A22 of Figure A37.
21. For each monitoring event, use the AVERAGE function to calculate the proportion of
sampling units in which the species was present. For example, cell C22 in Figure A37
contains the proportion of sampling units sampled in April 2008 that contained Dianella
congesta (‘=AVERAGE (C16:C20)’).
22. Repeat steps 18–21 for all subsequent monitoring events.

Figure A37. An example of how to organise and calculate the proportion of sampling units (random
line-intercept transects) in which a target species was present.

Systematic line-intercept transects
Enter data
23. Enter data following steps 13–14 outlined above, but
24. Enter a value of 1 if the species is present on a transect no matter how abundant, enter
a value of 0 if the target species is not present on the transect.
Analyse data
25. Follow steps 18–21 outlined above.

Demographic measures
Enter data
Demographic measures can be entered using the steps outlined above, with minor
variations depending on the measure. Data should be entered according to whether the
line-intercept transects were random or systematic. Brief details for each demographic
measure are provided below.
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Life history dynamics

26. Enter data as outlined above for random (steps 1–6) or systematic (steps 13–14) lineintercept transects, but
27. Insert a column between the target species column and the first monitoring event data
column (e.g. column C; Figure A38). Insert the life history categories in this column for
each species (e.g. seedlings, juveniles, adults, dead; cells C16:C31; Figure A38).

Figure A38. An example of how to organise percentage cover life history data for a single target
species located on four line-intercept transects.
Diameter at breast height (DBH)

28. Calculate the average DBH of a target species within each transect.
29. Enter data as outlined above for random (steps 1–6) or systematic (steps 13–14) lineintercept transects.
Height

30. Calculate the average height of a target species within each transect.
31. Enter data as outlined above for random (steps 1–6) or systematic (steps 13–14) lineintercept transects.
Reproductive status

32. Enter data as outlined above for random (steps 1–6) or systematic (steps 16–17) lineintercept transects, but
33. Enter a value of 1 if the species shows signs of reproduction (flowers, fruits or
vegetative propagules), or enter a value of 0 if there are no signs of reproduction.
Response to control

34. Enter data as outlined above for random (steps 1–6) or systematic (steps 13–14) lineintercept transects, but
35. Enter the data response category values corresponding to the level of damage into the
data cells.
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Analyse data
36. The average and standard error of all demographic measures except reproductive
status and response to control can be calculated following steps 7–12 outlined above.
37. For reproductive status, follow steps 18–21 to calculate the proportion of sampling units
with signs of reproduction.
38. For response to control, calculate the median and mode of the response categories
(Figure ):
a. Underneath your data, list the names of your target species twice (e.g. ‘bitou bush’
in cells B22:B23; Figure A39).
b. The upper rows will contain the monitoring event (ME) median functions while the
lower list of names will contain the monitoring event mode functions; label these
rows appropriately (e.g. ‘ME median’ and ‘ME mode’ in cells A22 and A23 of Figure
A39).
c. Enter the median and mode formulas in the appropriate cells. For example, cell C22
(Figure A39) contains the median cover category value for bitou bush when sampled
in April 2008 (‘=MEDIAN(C16:C20)’), while cell C23 contains the mode for the same
period (‘=MODE(C16:C20)’).

Figure A39. An example of how to organise response to control data for a single target species located
on five line-intercept transects (Note: This is the same as for quadrats).

Quadrats
Quadrats can be used to collect the data needed to determine the percentage cover, density
and presence/absence of bitou bush and other plants in your monitoring area. Quadrats can
also be used to collect data on demographic measures such as life history dynamics,
diameter at breast height (DBH), height, reproductive status and response to control.

Percentage cover
How you analyse cover data collected using quadrats will depend on how you have recorded
the data and how many replicates you have. The following section provides details to
calculate both the averages and standard errors for continuous data (if you have
estimated the percentage cover), and the medians and modes for ordinal data (if you
have recorded cover categories). If you have few replicates, however, you may find it
difficult or impossible to calculate the median and mode. In this instance, you can convert
your cover categories to pseudo-percentage cover values (Table A13). These are the middle
values of the percentage cover ranges. For example, if you have recorded a cover category
of 4, this corresponds to a percentage cover range of 51–75%; the mid-point of this range
is 63. You would therefore enter a value of 63. Unlike cover categories, these pseudopercentage cover values can be used to calculate averages and standard errors. Note
however, that this method is not statistically correct, and is not preferred. No examples of
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this method are provided below, however we recommend that you enter your data as per
density data (see page A78), with cover category values in the top section, and the pseudopercentage cover values underneath. The averages and standard errors can then be
calculated on the pseudo-percentage cover values.
Table A13. Cover classes, percentage cover, cover categories and the corresponding pseudopercentage cover values.
Cover class
Very dense
Dense
Sparse
Very sparse
Isolated plants
Absent
*
**

Percentage cover
range
>75%
51–75%
26–50%
6–25%
1–5%
0%

Cover category*
5
4
3
2
1
0

Pseudo-percentage
cover value**
87.5
63
38
15.5
3
0

Use cover categories when calculating the median and mode.
Use pseudo-percentage cover values when calculating the average and standard error.

Random quadrats
Enter data
Follow these steps to enter both continuous and ordinal data.
1.

2.
3.
4.

5.
6.

Open a new file in a spreadsheet program (e.g. Excel) and save it as an easily
recognisable file name. We recommend Bitou TAP site no._Site name_Management
area_Sampling method_measure (for example, TAP 2411_Example NR_Area C_random
quadrats_cover; Figure A40). Create and complete the top section of your
datasheet, detailing when, where and how the data was collected.
List the number and type of sampling unit used in the first column (e.g. Quadrats 1–5
in cells A16:A20; Figure A40).
List the target species being sampled in the next column to the right (e.g. bitou bush in
cells B16:B20; Figure A40)
Enter the date of the monitoring event at the top of the next column to the right (e.g.
Apr-2008 in cell C14; Figure A40). Additional data such as whether the survey was
before or after control can be entered underneath the date; move the sampling unit
names down (e.g. to start in cell A16).
Enter the data for a sampling unit in the cell corresponding to the monitoring date (e.g.
cells C16:C20 for data collected on Quadrats 1–5 in April 2008; Figure A40).
Data collected on subsequent monitoring events should be entered into the next column
to the right (e.g. cells D16:L16 for data collected on Quadrat 1 from November 2008–
November 2012; Figure A40).

Analyse data
Continuous data

7.

Underneath your data, list the names of your target species twice (e.g. ‘bitou bush’ in
cells B22:B23; Figure A40, and the three target species in cells B32:B34, and B36:B38
in Figure A41).
8. Rows containing the upper list of target names will contain the monitoring event (ME)
average functions for each target species; insert an appropriate heading for these rows
in the column to the left of the target species’ names (e.g. ‘ME average’ in cells A22 and
A32 of Figures A40 and A41 respectively).
9. Rows containing the lower list of target names will contain the standard error
calculations for each target species; insert an appropriate heading for these rows in the
column to the left of the target species’ names (e.g. ‘ME standard error’ in cells A23 and
A36 of Figures A40 and A41 respectively).
10. For each target species, average the percentage cover values collected from all
quadrats that were sampled within a monitoring event. For example, cell C22 in Figure
A40 contains the average percentage cover of bitou bush from five random quadrats
surveyed in April 2008 (‘=AVERAGE(C16:C20)’), while cell C32 in Figure A41 contains
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the average percentage cover of Acacia longifolia ssp. sophorae monitored on Quadrats
1–5 in April 2008 (‘=AVERAGE(C16,C19,C22,C25,C40)’).
11. For each target species, calculate the standard error of the cover category values from
all quadrats that were sampled within a monitoring event. For example, cell C23 in
Figure A40 contains the standard error of bitou bush percentage cover data collected in
April 2008 (‘=STDEV(C16:C20)/SQRT(5)’), while cell C36 in Figure A41 contains the
standard error of Acacia longifolia ssp. sophorae cover data collected in April 2008
(‘=STDEV(C16,C19,C22,C25,C28)/SQRT(5)’).
12. Repeat steps 7–11 for all subsequent monitoring events. For example, averages in cells
D22:L22 and standard errors in cells D23:L23 for bitou bush data collected from
November 2008 to November 2012, Figure A40; and averages in cells D32:L34, and
standard errors in cells D36:L38 for the three target species monitored from November
2008 to November 2012; Figure A41).

Figure A40. An example of how to organise and calculate averages and standard errors of percentage
cover data for a single target species monitored using five random quadrats.

Figure A41. An example of how to organise and calculate averages and standard errors of percentage
cover data for three target species collected using five random quadrats.
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Ordinal data

13. Follow steps 7–12, but
14. The upper rows will contain the monitoring event (ME) median functions while the lower
list of names will contain the monitoring event mode functions; label these rows
appropriately (e.g. ‘ME median’ and ‘ME mode’ in cells A22 and A23 of Figure A42, and
cells A32 and A36 of Figure 43).
15. Enter the median and mode formulas in the appropriate cells. For example, cells C22
and C23 (Figure A42) contain the median and mode respectively (‘=MEDIAN(C16:C20)’
and ‘=MODE(C16:C20)’) of cover category values for bitou bush when sampled in April
2008. Likewise, the median and mode cover category values for Acacia longifolia ssp.
sophorae when sampled in April 2008 are shown in cells C32 and C36 of Figure A43
respectively (‘=MEDIAN(C16,C19,C22,C25,C28)’, and
‘=MODE(C16,C19,C22,C25,C28)’).

Figure A42. An example of how to organise and calculate the median and mode of cover category data
for a single target species monitored using five random quadrats.

Figure A43. An example of how to organise and calculate the median and mode of cover category data
for three target species collected using five random quadrats.

A76

Monitoring manual for bitou bush control and native plant recovery

Systematic quadrats
Enter data
16. Follow steps 1–6 outlined above for random quadrats, but
17. List the names of the transects upon which the quadrats (sampling units) are located
systematically in the first column (e.g. cells A16, A21, A28; Figure A44), and the names
of the quadrats in the next column (e.g. cells B16:B30). All other data will therefore be
moved one column to the right.
Analyse data
18. Follow steps 7–12 outlined above for continuous data (e.g. Figure A44), and steps 13–
15 for ordinal data (e.g. Figure A45).

Figure A44. An example of how to organise and calculate averages and standard errors of percentage
cover data for a single target species monitored using five systematic quadrats on each of three
transects. Note that for brevity, the information section at the top of the page has not been shown.

Figure A45. An example of how to organise and calculate the median and mode of cover category data
for three target species collected using three systematic quadrats located on each of three transects.
Note that for brevity, the information section at the top of the page has not been shown.
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Density
The density of individuals is a measure of abundance relative to the area of a plot. You will
therefore need to convert your counts of individuals into individuals per unit area measures.
Random quadrats
Enter data
19. Enter count data following steps 1–6 outlined above.
20. Below the count data, calculate the density of your target species within each quadrat:
a. Calculate the area of your quadrat (Area = length x width or π r2). The dimensions of
your quadrat should be recorded in cell J7 (Figure A46).
b. Use the formula ‘Density = number of plants / area’ (where area is in m2) to
calculate the density of your target species in each quadrat. For example, if in April
2008 you sampled 27 individual bitou bush plants in Quadrat 1 (e.g. cell C16; Figure
A46), the density of bitou bush in Quadrat 1 is 0.54 plants per m2 (density = 27/50
m2 = 0.54 plants per m2; e.g. ‘=C16/50’ in cell C25; Figure A46).
21. New data collected on subsequent monitoring events should be entered into the next
column to the right (e.g. cells D25:L25 for data collected on Quadrat 1 from November
2008 – November 2012; Figure A46).
Analyse data
22. List the names of your target species twice underneath your density calculations (e.g.
‘bitou bush’ in cells B31:B32 in Figure A46, and the three target species in cells
B51:B53, and B55:B57 in Figure A47).
23. Rows containing the upper list of target names will contain the monitoring event (ME)
average functions for each target species; insert an appropriate heading for these rows
in the column to the left of the target species’ names (e.g. ‘ME average’ in cells A31 and
A51 of Figures A46 and A47 respectively).
24. Rows containing the lower list of target names will contain the monitoring event
standard error calculations for each target species; insert an appropriate heading for
these rows in the column to the left of the target species’ names (e.g. ‘ME standard
error’ in cells A32 and A55 of Figures A46 and A47 respectively).
25. For each target species, average the density values collected from all quadrats sampled
within a monitoring event. For example, cell C31 in Figure A46 contains the average
density of bitou bush from five random quadrats surveyed in April 2008,
(‘=AVERAGE(C25:C29)’), while cell C51 in Figure A47 contains the average density of
Acacia longifolia ssp. sophorae sampled on Quadrats 1–5 in April 2008
(‘=AVERAGE(C35,C38,C41,C44,C47)’).
26. For each target species, calculate the standard error of the density values from all
quadrats sampled within a monitoring event. For example, cell C32 in Figure A46
contains the standard error of bitou bush density data collected in April 2008
(‘=STDEV(C25:C29)/SQRT(5)’), while cell C55 in Figure A47 contains the standard error
of Acacia longifolia ssp. sophorae density data collected in April 2008
(‘=STDEV(C35,C38,C41,C44,C47)/SQRT(5)’).
27. Repeat steps 22–26 for all subsequent monitoring events. For example, averages in
cells D31:L31, and standard errors in cells D32:L32 for bitou bush data collected from
November 2008 to November 2012, Figure A46; and averages in cells D51:L53, and
standard errors in cells D55:L57 for the three target species monitored from November
2008 to November 2012, Figure A47).
Systematic quadrats
Enter data
28. Follow steps 1–6 outlined above to organise your count data (e.g. Figure A48).
29. Below the count data, calculate the density of your target species within each quadrat
following steps 19–21 outlined above.
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Analyse data
30. Follow steps 22–27 outlined above (e.g. Figure A48).

Figure A46. An example of how to organise count data and to calculate averages and standard errors
of the density data for a single target species monitored using five random quadrats.

Figure A47. An example of how to organise count data and to calculate averages and standard errors
of the density data for three target species collected using five random quadrats. Note that for brevity,
the information section at the top of the page has not been shown.
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Figure A48. An example of how to organise count and density data and to calculate averages and
standard errors of the density data for a single target species monitored using three systematic
quadrats located on each of three transects.

Presence/absence
Random quadrats
Enter data
31. Enter data following steps 1–6 outlined above, but
32. Enter a value of 1 if the species is present on a quadrat no matter how abundant, enter
a value of 0 if the target species is not present on the quadrat.
Analyse data
Calculate the proportion of sampling units where a target species was present using the
AVERAGE function. Note: You cannot calculate standard errors for binomial data.
33. Underneath your data, list the names of your target species once (e.g. the three target
species in cells B32:B34; Figure A49).
34. Insert an appropriate heading for this row in the column to the left of the target species
names (e.g. ‘ME proportion present’ in cell A32 of Figure A49).
35. For each monitoring event, use the AVERAGE function to calculate the proportion of
sampling units in which the species was present. For example, cell C32 in Figure A49
contains the proportion of sampling units sampled in April 2008 that contained Acacia
longifolia ssp. sophorae (‘=AVERAGE(C16,C19,C22,C25,C28)’).
36. Repeat steps 33–35 for all subsequent monitoring events.
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Figure A49. An example of how to organise and calculate the proportion of sampling units (random
quadrats) in which a target species was present.

Systematic quadrats
Enter data
37. Enter data following steps 1–6 outlined above, but
38. Enter a value of 1 if the species is present on a quadrat no matter how abundant, enter
a value of 0 if the target species is not present on the quadrat.
Analyse data
39. Follow steps 33–36 outlined above.

Demographic measures
Enter data
Demographic measures can be entered using the steps outlined above, with minor
variations depending on the measure. Data should be entered according to whether the
quadrats were random or systematic. Brief details for each demographic measure are
provided below.
Life history dynamics

40. Enter data as outlined above for random (steps 1–6) or systematic (steps 16–17)
quadrats depending on the type of abundance data you have collected (cover, density
or presence/absence), but
41. Insert a column between the target species column and the first monitoring event data
column (e.g. column C; Figure A50). Insert the life history categories in this column for
each species (e.g. seedlings, juveniles, adults, dead; cells C16:C31; Figure A50).
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Figure A50. An example of how to organise cover category life history data for a single target species
located on four quadrats.
Diameter at breast height (DBH)

42. Calculate the average DBH of a target species within each quadrat.
43. Enter data as outlined above for random (steps 1–6) or systematic (steps 16–17)
quadrats.
Height

44. Calculate the average height of a target species within each quadrat.
45. Enter data as outlined above for random (steps 1–6) or systematic (steps 16–17)
quadrats.
Reproductive status

46. Enter data as outlined above for random (steps 1–6) or systematic (steps 16–17)
quadrats, but
47. Enter a value of 1 if the species shows signs of reproduction (flowers, fruits or
vegetative propagules), or enter a value of 0 if there are no signs of reproduction.
Response to control

48. Enter data as outlined above for random (steps 1–6) or systematic (steps 16–17)
quadrats, but
49. Enter the data entry category values corresponding to the level of damage into the data
cells.
Analyse data
50. The average and standard error of all demographic measures except reproductive
status and response to control can be calculated following steps 7–12 outlined above.
51. For Reproductive status, follow steps 33–36 to calculate the proportion of sampling
units with signs of reproduction.
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52. For response to control, calculate the median and mode of the response, following steps
13–15 outlined above.

T-square sampling
T-square sampling can be used to collect the data needed to determine the density of tree
species in your monitoring area. It can also be used to collect data on demographic
measures such as life history dynamics, diameter at breast height (DBH), height,
reproductive status and response to control.

Density
Enter data
1.

2.
3.
4.

5.
6.

7.

In a spreadsheet program (e.g. MS Excel), open a new file and save it as an easily
recognisable file name. We recommend Bitou TAP site no._Site name_Management
area_Sampling method_measure (for example, TAP 2411_Example NR_Area C_tsquare_density, cell D1 in Figure A51.). Create and complete the top section of
your datasheet, detailing when, where and how the data was collected.
List the random start point number in the first column (e.g. cells A17:A21; Figure A51).
List the target species being sampled in the next column to the right (e.g. Eucalyptus
pilularis in cells B17:B21; Figure A51).
Enter the date of the first monitoring event at the top of the next column to the right
(e.g. April 2008 in cell C14; Figure A51). Additional data such as whether the survey
was before or after control can be entered underneath the date; move the sampling
unit names down (e.g. to cell A17; Figure A51).
Enter ‘Distance x’ and ‘Distance y’ as column headings below the date information (e.g.
cells C16:D16 for April 2008; Figure A51)
Enter the x and y distance data for each sampling unit (sample) in the cell
corresponding to the monitoring date (e.g. cells C17:D21 for data collected from five
random starting points in April 2008; Figure A51). Note that x and y distances must
be entered in metres.
New data collected on subsequent monitoring events should be entered into the next
columns to the right (e.g. cells E17:N21 for data collected with five random starting
points from November 2008 – November 2010; Figure A51).

Analyse data
8.

Underneath your data, list the names of your target species three times (e.g.
‘Eucalyptus pilularis’ in cells B23:B25 in Figure A51, and the three target species in cells
B33:B35, B37:B39, and B41:B43 in Figure A52).
9. Rows containing the upper list of target names will contain the sum of x and y
distances; insert an appropriate heading for these rows in the column to the left of the
target species’ names (e.g. ‘Sum’ in cells A23 & A33 of Figures A51 & A52 respectively).
10. Rows containing the middle list of target names will contain the density per m2
calculations for each target species; insert an appropriate heading for these rows in the
column to the left of the target species’ names (e.g. ‘# trees per m2’ in cells A24 and
A37 of Figures A51 and A52 respectively).
11. Rows containing the bottom list of target names will contain the density per hectare
(ha) calculations for each target species; insert an appropriate heading for these rows
in the column to the left of the target species’ names (e.g. ‘# trees per ha’ in cell A25 of
Figure A51 and cell A41 of Figure A52).
12. In the sum rows, use the SUM function (‘=SUM(data range)’) to calculate the sum of
the x and y distances collected from all random starting points within a monitoring
event. In the single target species example (Figure A51), cell C23 contains the sum of
the x distances for Eucalyptus pilularis from the five random starting points in April
2008 (‘=SUM(C17:C21)’), while cell D23 contains the sum of the y distances for the
same species and monitoring event (‘=SUM(D17:D21)’). Where multiple species have
been monitored, (e.g. Figure A52), sum the x and y distances separately for each target
species. For example, cells C33 and D33 contain the sum of the x and y distances
respectively for Eucalyptus pilularis in April 2008, while cells C34 and D34 contain the
sums of the corresponding values for Acmena smithii.
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13. In the tree density per m2 rows (e.g. row 24 of Figure A51 and rows 37:39 of Figure
A52), use the following function to calculate the density of your target species in m2
(where n = the number of random starting points):
14. Density per m2 = n2/(2.828*(sum of values for x)*(sum of values for y))
15. For example, cell C24 in Figure A51 contains the density calculation for the number of
Eucalyptus pilularis per m2 in April 2008: ‘=5^2/(2.828*C23*D23)’, where ‘5^2’ is the
function to calculate 52, and cells C23 and D23 contain the sums of the x and y
distances respectively. In Figure A52, the corresponding function to calculate the
density of Eucalyptus pilularis in April 2008 is: ‘=5^2/(2.828*C33*D33)’, where cells
C33 and D33 contain the sums of the x and y distances respectively.
16. In the ‘# trees per ha’ rows, convert the densities per m2 to densities per ha by
multiplying the per m2 value by 10,000. For example, for the single species example of
Eucalyptus pilularis in April 2008, type ‘=C24*10000’ in cell C25 (Figure A51).
Alternatively, type the following function directly into the density per ha cells:
17. Density (ha) = n2/(2.828*(sum of values for x)*(sum of values for y))*10000
18. For example, for Eucalyptus pilularis in the multiple species example (Figure A52), type
‘=5^2/(2.828*C33*D33)*10000’.
19. Repeat steps 13–14 for all subsequent monitoring events.

Figure A51. An example of how to organise x and y distance data for a single target species sampled
using T-square sampling with five random starting points, and calculate its density in each year.

Figure A52. An example of how to organise x and y distance data for three target species collected
using T-square sampling with five random starting points for each target species, and calculate the
density of each species each year.
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Demographic measures
Enter data
Demographic measures for individuals monitored using T-square sampling should be
entered and analysed similarly to those for line-intercept transects, rather than using the
formulae outlined for T-square sampling. Brief details for each demographic measure are
provided below.
Life history dynamics

20. Enter data as described for line-intercept transects (page A71), but
21. For each target species, enter the number of individuals in each life history category
(Table A3) for each starting point (Figure A53).

Figure A53. An example of how to organise counts of individuals in each life history category for a
single target species monitored using T-square sampling. Note that for brevity, the information section
at the top of the page has not been shown.
Diameter at breast height (DBH)

22. Average the two DBH values of the target species for each starting point.
23. Enter data as outlined above for life history dynamics, but with only one line per
starting point (e.g. Figure A54).
24. If your sample contains individuals deemed too small to collect a DBH (i.e. with a n/a
recorded as per step 21 on page A32) then leave the respective cell blank.

Figure A54. An example of how to organise average DBH data of the two individuals (per starting
point) of a single target species monitored using T-square sampling.
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Height

25. Enter data as outlined above for DBH data (Figure A54), but
26. Establish the average of the two height values of the target species for each starting
point within the respective cell by using the average function. For example type
‘=average(height1, height2)’ into the respective cell. Note: Replace height1 and height
2 with the actual values/height measurements.
Reproductive status

27. Enter data as outlined above for DBH data (Figure A54), but
28. Establish the average of the two reproductive status values for the two target species
for each starting point, entering a value of 1 if the species shows signs of reproduction
(flowers, fruits or vegetative propagules), or a value of 0 if there are no signs of
reproduction. Type ‘=average(reproductive status1, reproductive status2)’ into the
respective cell. Note: Replace reproductive status1 and reproductive status2 with the
actual values (i.e. 1 or 0).
Response to control

29. Enter data as outlined above for DBH data, but
30. Enter the response category values corresponding to the level of damage into the data
cells.
Analyse data
31. The average and standard error of all demographic measures should be calculated
following steps outlined in the line-intercept transect section (see pages A69–70).
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Graphing your data
The following section outlines the steps required to graph data for single and multiple target
species. Using these 16 steps, you can graph any data that is organised in the same way,
including both abundance and demographic data.

Graphing data for a single species
The following section outlines how to plot the average percentage cover (and standard
error) of a single target species over multiple monitoring events.
Plotting the average
1.

Select the average data you wish to graph (e.g. cells C22:L22 in Figure A55), then click

2.

on the Standard toolbar, or click Chart on the Insert menu; Figure
Chart Wizard
A55).
Click Next to select a clustered column graph (Figure A55).

Figure A55. Select the data you wish to graph and open the chart wizard.

3.

In Chart Wizard – Step 2 of 4 select the Data Range tab and select Series in Rows
(Figure A56; circled).

Figure A56. In Chart Wizard – Step 2 of 4, select to have Series in Rows.
4.

Select the Series tab.
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5.

6.

Click the Category (X) axis labels box (Figure A57; circled) then select the cells on
your spreadsheet that you would like displayed as the x-axis labels (e.g. the dates of
monitoring events in cells C14:L15; Figure A57). Alternatively, type the labels you
would like displayed on the x-axis into the box, separating each label with a semi-colon.
Click Next.

Figure A57. Enter x-axis labels in Step 2 of 4.

7.

8.

In Step 3 of 4 select the Titles tab (Figure A58; circled) and enter an appropriate title
for the graph under Chart title (e.g. ‘Average percentage cover of Dianella congesta in
Area C over time’) and names for the Category (X) axis (e.g. ‘Monitoring event’) and
the Value (Y) axis (e.g. ‘Average percentage cover (+– SE)’; Figure A58).
Click Next.

Figure A58. Enter a title and x-and y-axis labels in Step 3 of 4.

9.

In Step 4 of 4 you can select where to place your graph. If you wish to place your
graph in the sheet you are currently using, click Finish, otherwise, select your
preferred location from the As new sheet or As object in drop-down menus.
10. Click Finish to complete your graph and insert it into the location you selected in step 9
(Figure A59).
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Figure A59. The graph before standard error bars have been added, location on the current sheet.

Adding standard error bars
11. Right click on the data series (column) (i.e. the blue data bars in Figure A60) and select
Format Data Series (Figure A60).
12. Select the Y Error Bars tab (Figure A61).
13. Under Display, ensure you have Both plus and minus error bars selected.
14. Under Error amount, click Custom (Figure A61; circled).
15. Click inside the + box then select the standard error values you wish to plot (cells
C23:L23; Figure A61). Repeat this step with the – box (i.e. using the exact same cells).
16. Click OK to complete your graph (Figure A62).

Figure A60. Right click on the data series and select Format Data Series.
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Figure A61. Enter the standard error data into the Custom section.

Figure A62. The finished graph.

Graphing data for multiple species
The following section outlines how to plot the average percentage cover (and standard
error) of six species over multiple monitoring events. Using these 16 steps, you can graph
any data that is organised in the same way, including both abundance and demographic
data.
Plotting averages
1.

Select the data you wish to graph (the species names and average values in cells

2.

on the Standard toolbar, or click
B35:L40; Figure A63), then click Chart Wizard
Chart on the Insert menu; Figure A63).
Click Next to select a clustered column graph (Figure A63).
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Figure A63. Select the data you wish to graph and open the chart wizard.

3.

In Chart Wizard – Step 2 of 4, select the Data Range tab and select Series in
Rows.
4. Select the Series tab.
5. Click the Category (X) axis labels box then select the cells on your spreadsheet that
you would like displayed as the x-axis labels (e.g. the monitoring event dates in cells
C14:L15; Figure A63). Alternatively, type the labels you would like displayed on the xaxis into the box, separating each label (monitoring event date) with a semi-colon.
6. Click Next.
7. In Step 3 of 4 select the Titles tab and enter an appropriate title for the graph under
Chart title (e.g. ‘Average percentage cover of six species in Area C over time’) and
names for the Category (X) axis (e.g. ‘Monitoring event’) and the Value (Y) axis
(e.g. ‘Average percentage cover (+– SE)’).
8. Click Next.
9. In Step 4 of 4 you can select where to place your graph. If you wish to place your
graph in the sheet you are currently using, click Next, otherwise, select your preferred
location from the As object in or As new sheet drop-down menus.
10. Click Finish to complete your graph and insert it into your excel sheet (Figure A64).
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Figure A64. The graph before standard error bars have been added.

Adding standard error bars
11. Right click on the data series (column) to which you would like to add error bars (e.g.
the blue bars representing C. monilifera ssp. rotundata in Figure A65) and select
Format Data Series. Note that you can only add error bars to one data series at a
time (i.e. target species); each of the following steps will need to be repeated for each
data series/target species in your graph.
12. Select the Y Error Bars tab.
13. Under Display, ensure you have Both plus and minus error bars selected.
14. Under Error amount, click Custom (Figure A65; circled).
15. Click inside the + box then select the standard error values you wish to plot (cells
C42:L42 for the first data series; Figure A65). Repeat this step with the – box (i.e.
using the exact same cells).

Figure A65. Enter the standard error data into the Custom section.
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16. Click OK to complete adding error bars to the first data series (Figure A66).
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Figure A66. Standard error bars have been added to the first data series.

17. Repeat the above steps for the remaining data series/target species in your graph
(Figure A67).
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Figure A67. The finished graph with standard error bars added to all data series/target species.

Alternative graph layouts
Depending on the number of species and monitoring events you are graphing, you may find
it helpful to change the Chart type.
To create a line graph (e.g. Figure A68), select a line graph rather than a column graph in
Step 2 of the Chart Wizard. The rest of the graph is created in exactly the same manner as
that outlined above.
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Figure A68. Data can be presented in a line graph by choosing this option in Step 2 of the Chart
Wizard.

To create a column graph with the target species names across the x axis (e.g. Figure A69),
select Series in columns in Step 3 of the Chart Wizard, rather than Series in rows. Again
the rest of the graph is created in exactly the same manner as that outlined above.
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Figure A69. Group data by target species by selecting Series in columns in the Chart Wizard.

Refer to the Excel help menu for further detailed instructions on how to manipulate and
change your graphs.
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Manual structure
This manual is divided into three tiers, each of which outlines a different level of monitoring
(see flow diagram in the Preface of the manual). The three tiers are:
Standard monitoring methods or tier (pages 1-73)
Advanced monitoring methods or tier (pages A1-A95)
Research monitoring methods or tier (this section)
Each tier and the methods contained within them can be downloaded separately from:
www.environment.nsw.gov.au/bitouTAP/monitoring.htm along with the data sheets.

Research monitoring techniques

i

Research monitoring techniques
The Research monitoring techniques are the third and final tier in this manual (also
referred to as the research tier). This tier builds on the quantitative measurements outlined
in the Advanced monitoring techniques to produce data that can be used to determine
causality (i.e. that bitou bush control alone actually led to a recovery in the native species
at risk). It is also designed to be used with the three elements of the Standard
monitoring techniques:
1. mapping (page 3)
2. photopoints (page 24)
3. control and monitoring activity details (page 39).
The Requisite methods for Advanced monitoring techniques on page A1 of the Advanced tier
details how these Standard techniques should be incorporated into a Research monitoring
program.
The Research tier is designed to provide an overview for those wishing to structure their
monitoring in a rigorous, experimental framework, thus this tier is prescriptive only. This
tier is not designed to be read as a comprehensive manual on how to design a research
experiment, but rather serves as an introduction to the concepts which shape the design of
such experiments. If, after reading this tier, you wish to know more about an experimental
approach to your monitoring, we suggest that you read one (or more) of the many texts
available on the topic of research design in plant ecology which have been used to compile
this manual, for example, Hairston (1989), Manly (1992), Underwood (1997) and Elzinga et
al. (2001).
The research techniques described here lie at one end of a continuum of monitoring
complexity, with the Standard monitoring techniques at the opposite end and the Advanced
techniques in between. The difference between the three tiers lies in the rigour of the data
collected, the complexity of the monitoring question being asked, and the ability of the data
collected to detect causal relationships. This last point is important, as all monitoring is
capable of detecting statistical differences throughout time, however only monitoring
completed within a research framework can attribute these differences to a cause (referred
to here as causality). The Standard and Advanced monitoring techniques, for example, can
tell you if there has been an increase in the cover of a particular native species over time
since bitou bush control began, however only a properly designed research monitoring
program can attribute this increase to a particular activity (e.g. a specific control technique
or action). This is an important distinction to make, as it is easy, but erroneous, to infer
causality from the many other types of monitoring available (e.g. those outlined in the
Standard tier). If, for example, the canopy cover of a particular native species increased
after bitou bush control then this would support the hypothesis that bitou bush control
benefits the native species. It does not, however, prove that the bitou bush control is the
cause of the increase. To detect the causal relationship (or causality) data would need to be
collected that showed an increase in canopy cover at a number of sampling units (e.g. the
quadrats or line-intercept transects outlined in the Advanced tier) where bitou bush had
been controlled, and no increase of a similar magnitude at sampling units where bitou bush
had not been controlled. This example highlights just three of the tenets central to a
research approach to monitoring: experimental treatments (e.g. sampling units with
bitou bush control), experimental controls (e.g. sampling units without bitou bush
control), and replication. These will be discussed in greater detail below.
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Is a research monitoring program for you?
Before you begin to design a research monitoring program you must decide if it is
appropriate for your needs. As previously stated, a research design is important if you want
to prove causal relationships: for example, to show that a particular control technique
significantly reduces the cover of bitou bush, or to compare the effectiveness of a number of
techniques in reducing bitou bush cover and promoting native regeneration. It is not
necessary to do a research program if you want to monitor the rate of decline in bitou bush
and the recovery of native species after [weed] control, without attributing this decline
and recovery to a particular technique or combination of techniques used, or
control alone. This is not to say that such data is inappropriate, rather that the data from
the Advanced and/or Standard monitoring techniques cannot determine causality (see
below). Thus such data can be very useful in inferring trends, when a research study is not
possible.
There are several reasons why it is important to decide if a research monitoring program is
required before you start your weed management or native species recovery program.
Research monitoring programs are generally more resource intensive (in both time and
money) than other monitoring programs, due to the need for sufficient replication (see
Step 7 below) of both treatments and experimental controls, and because the data collected
is typically more detailed, greater in volume and often requires more detailed analysis. The
requirement for sufficient replication of treatments and experimental controls may not be
possible in some areas due to (i) the size of the study area, (ii) an inability to select
sufficient sites with a similar history to remove potentially confounding factors (see Step
8), or (iii) because only one ‘treatment’ area is available.
Other impediments to implementing a research monitoring program are institutional (e.g.
continuity of funding or lack of resources directed at monitoring). Research monitoring must
often (though not always) be conducted for an extended period of time to capture the
vegetation responses required for analysis. Whilst the response of bitou bush may be
observed in the short term, the response of many native species takes considerably longer.
Terminating the program before its planned conclusion or before detecting the stated aims
(e.g. recovery of biodiversity), diminishes the value and effectiveness of the resources
already invested in it.
The following section outlines twelve steps to consider when designing and conducting an
experimental or research monitoring program under the Bitou Bush Threat Abatement Plan
(Bitou TAP: see DEC 2006). It should be noted, however, that these are only the basic
steps, and many decisions will need to be made within each step. The Additional
information section in the Advanced monitoring techniques provides background
information on some of the decisions that must be made. The actual sampling techniques
are not described here, instead the information provided should be used to convert the
techniques outlined in the Advanced monitoring tier into a research program (see also
the flow diagram in the Preface of the manual).
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The steps required to design a research
monitoring program
Twelve steps are outlined below to help you develop an experimental design for your
research monitoring program under the Bitou TAP, however, they can be applied to other
similar situations (i.e. where the aim is to collect information on the response of weeds and
native species to the control of a weed that poses a threat to native species). Table R1
outlines the 12 steps. Specific examples are also given to help illustrate each step.
Table R1. The 12 steps required to design a research monitoring program.
Step

Monitoring topic covered

1

Define your conceptual model, hypotheses and predicted outcomes

2

Define your experimental treatments and controls

3

Identify all the possible treatment combinations

4

Determine which sampling method you will use

5

Define your dependent variables

6

Determine your monitoring frequency

7

Replicate your treatments and controls and determine the sample size

8

Randomly allocate treatments and experimental controls

9

Collect data

10

Enter and analyse data

11

Write report

12

Submit your report and data

Step 1.

Define your conceptual model, hypotheses and
predicted outcomes

As mentioned previously, an experimental approach to monitoring should be undertaken
when there is a need to determine causality. This concept of causality underpins the notion
of hypothesis testing which in turn is associated with the development of predictions. It is
straightforward and reasonable to hypothesise, for example, that bitou bush suppresses
native species growth (i.e. through competition for space, nutrients, and/or light). From
this, we could predict that the removal of bitou bush from an area would release the native
species from the suppressing factor(s), and that the native species would show some
benefits from bitou bush removal, such as an increase in growth or recruitment.
This example highlights several important concepts. The first is that a hypothesis is a
prediction about unknown events derived from a conceptual model to explain the original
observations (Underwood 1997). In this instance, the original observation was the lack of
growth of a native species, while the conceptual model is that this lack of growth relates to
the interaction between bitou bush plants and the native species. It should be noted,
however, that numerous other conceptual models exist to explain the suppressed growth,
for example conditions related to soil fertility, soil moisture, insect attack rates, genetic
factors, etc. You could then hypothesise that the bitou bush plants present are competing
with the native species for some essential resource, and you could predict that the control
of bitou bush would remove the suppressing factor(s), and that the native species would
then respond via growth (e.g. an increase in canopy cover). It should be noted that a study
examining the conceptual model presented here is not addressing how (i.e. the mechanism)
bitou bush and the native species were competing (for example whether it was competition
for space, nutrients or light), just whether the removal of bitou bush results in increased
growth (as a measure of recovery) in the native species.

Research monitoring techniques

R3

Secondly, it is obvious that to test this conceptual model it is important to conduct a study
at a time when the native species has an opportunity to recover. This will be especially
important, for example, if there is strong seasonality in the species’ growth pattern. It is
also important to extend the study for sufficient time to detect the recovery; some species
are naturally slow growing and would therefore require a longer experimental period to
detect any change in cover, for example. In addition, recovery may be measured through
other variables like recruitment rates from the seedbank which will also require an extended
experimental period to detect changes. Lastly other measures of recovery may not be
detectable until bitou bush adults and seedlings are removed or maintained at very low
densities. See Step 6 below for further details.

Step 2.

Define your experimental treatments and controls

Most importantly, however, a research program must contain both experimental
treatment and experimental control units (also known as independent variables).
Independent variables are those which you manipulate as part of a research program. The
experimental treatment units are those sampling units where procedures or actions are
directly applied as part of the research (e.g. control of bitou bush), while experimental
control units are those sampling units where the procedure or action is not applied to
illustrate the difference between doing and not doing the action. Thus experimental controls
are essential to determine whether the observed changes are due to your treatment or
some other, uncontrolled, variable (or factor). Experimental treatments and controls are
fundamental to determining causality. Note: Experimental control does not refer to the
control of bitou bush (or another weed), but rather the absence of a treatment (i.e. in the
context of this manual, an area without weed control), with weed control being the actual
treatment.
The use of the terms ‘treatment’ and ‘control’ here is in an experimental context,
and is different from their meaning in weed management.
To demonstrate these concepts, Figure R1 illustrates how experimental treatments and
controls are incorporated into an experimental design to address the hypotheses and
predictions outlined above. In this experiment, aerial spraying is used to control bitou bush
plants for the protection of native species. Therefore, experimental treatment units outlined
here contain bitou bush that has been ‘treated’ by aerial spraying, while the experimental
control sampling units have not been sprayed, so the bitou bush in them has not been
affected by the treatment.
In this example, the experimental control (no aerial spraying) is essential to determine
whether any observed changes in the native species can be attributed to the effects of
aerial spraying or to some other factor which may not be accounted for in the experimental
design. It is possible, for example, that the timing of aerial spraying (and therefore its
effects on bitou bush) could by chance coincide with a change in the environmental
conditions that were actually suppressing the native species’ growth. For example, (if the
native species in both the experimental treatment (sprayed) and experimental control (not
sprayed) sampling units increased, you could not attribute the increased growth to the
aerial spraying treatment or program. However, if there was an increase in the percentage
cover of the native species in sampling units that had been aerially sprayed, but not in
sampling units that were not aerially sprayed in the experimental control areas, then you
could attribute the observed increase in percentage cover of the native species to the aerial
spraying. Ideally, the response of bitou bush to the treatment and experimental control
should be measured in the same sampling units used to sample the recovery of native
species.
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pre-treatment

treatment 1
(aerial spraying)

experimental control
(no aerial spraying)

Figure R1. A design tree for an experiment examining the effect of aerial spraying of bitou bush versus
not spraying. Pre-treatment is defined as an area that is homogenous in terms of invaded state and
management history, in which both the treatment and experimental control sampling units are to be
established.

Aside from the treatment itself, experimental control sampling units should be treated
exactly the same as the experimental treatment sampling units. If, for example, the
experimental treatment is the application of a herbicide solution via a back-pack spray,
experimental control sampling units should receive the same level of trampling as the
treatment sampling units but without the spraying, to remove the confounding factor of
trampling. Ideally, experimental control units should also be sprayed at the same rate as
the herbicide solution applied, but with water only. See Step 8 for a discussion of
confounding factors and how to deal with them.
In addition to the treatment and experimental control sampling units, we also recommend
you monitor reference areas (Turner and Virtue 2006). Reference areas are uninvaded,
natural areas that represent the target for restoration (Chapman 1999). Monitoring data
from reference areas could provide the standard against which you could measure the
restoration of treatment sites (Chapman 1999, Blossey 2004). The interpretation of the
hypothesis you are testing would therefore change slightly. For example, the hypothesis
from Figure R1 would change from ‘compared to no treatment, aerial spraying is effective at
increasing the vegetation cover of native species [target species] x by 20%’ to ‘compared to
no treatment, aerial spraying is effective at increasing the vegetation cover of native
species [target species] x by 20%; this is similar to the vegetation cover of this species in
uninvaded areas’.
Furthermore, the likely data analysis techniques you will use should be considered when
you are determining your treatments and controls, as the analyses you use will affect the
choice of methods you should use. Knowing the method of analysis to be used also enables
the assumptions of the statistical tests to be considered and incorporated during the design
phase. Deciding on the data analyses early in the design phase will allow you to check
whether the data collected will actually address the objectives of the study. This is
extremely important as the data from many research programs is unanalysable as it was
not collected in an appropriate manner or collected from a suitable experimental design.
All aspects of your experiment should be designed with the type of data analysis
you will use in mind.

Step 3.

Identify all the possible treatment combinations

In many instances more than one experimental treatment and experimental control will be
used in your experimental design (e.g. aerial spraying followed by back-pack spraying).
Thus your monitoring program needs to reflect the treatment combination (i.e. as outlined
in Figure R2a). To account for the treatment combination you must establish individual
sampling units to assess each treatment and control, as well as across time. You will also
need to decide which combination of treatments is relevant within your experimental
design, or which applies directly to the hypothesis your are testing (see Figures R2a–b,
Figure R3). Only by measuring all relevant treatment combinations (i.e. relevant to your
hypothesis) can you attribute effects to a particular treatment, combination of treatments,
or a treatment sequence (e.g. aerial spraying followed by ground-spraying – Figure R3).
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You may also wish to examine the treatment sequence (i.e. the order in which treatments
are applied). Also you will need to determine if you need a fully balanced experimental
design (i.e. as presented in Figure R2b) or partially balanced (i.e. as in Figure R2a); where
a fully balanced design accounts for all possible treatment and control combinations,
irrespective of whether they are relevant to a particular management outcome (i.e.
hypotheses H2 and H3 in R2b make the design balanced, but are of little use if you only
want to know the answer to H1 in R2a).
pre-treatment

Year 1

Year 2

(a)

treatment 1
(aerial spraying)

experimental control
(no aerial spraying)

treatment 2
(back-pack spraying)

experimental control
(no back-pack spraying)

H1: combined treatment
is effective compared to
no treatment

no treatment

pre-treatment

Year 1

Year 2

treatment 1
(aerial spraying)

experimental control
(no aerial spraying)

treatment 2
(back-pack
spraying)

exp. control 2
(no back-pack
spraying)

treatment 2
(back-pack
spraying)

exp. control
no back-pack
spraying)

H1: combined
treatments
effective compared
to no treatment or
treatment 1 alone

H2: treatment 1
alone is effective
compared to no
treatment

H3: treatment 2
alone is effective
compared to no
treatment

no treatment

(b)
Figure R2. The experimental design tree from Figure R1 expanded to show (a) a second treatment in
year 2 (back-pack spraying), where only the treatment sequence is examined, and (b) an expansion
of (a) to provide a fully balanced design. The hypotheses (Hn – e.g. H1) being tested by each of the
treatments are also shown.

For example, from the experimental design in Figure R2a it is possible to test whether the
treatment sequence of aerial spraying in the first year followed by back-pack spraying in the
second year is effective as demonstrated by a measured dependent variable (e.g. canopy
cover of a native species) compared to an experimental control (no spraying activity) in
both years. This design, however, tells you nothing about the importance of the treatment
combination; i.e., is it the aerial spraying, or the back-pack spraying, or the aerial spraying
followed by the back-pack spraying that is responsible for the increased canopy cover. The
addition in the second year (Figure R2b) of both the back-pack spray and no back-pack
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spray to both the year 1 treatments (aerial spray) and experimental control (no aerial
spray) would enable you to test for the effect of the treatment combinations.
As an example, using the experimental design shown in R2b might reveal that the
percentage cover of a native species was significantly greater in sampling units that had
been aerially sprayed in the first year than those that had not been aerially sprayed, but
within aerially sprayed sampling units there was no difference between those that had been
back-pack sprayed in the second year and those that had not. Given these results, you
could conclude that the increased native species percentage cover was attributable to the
effect of aerial spraying, with negligible effect of back-pack spraying. Alternatively, you
might find that all sampling units that had been back-pack sprayed had significantly higher
percentage cover growth of native species than sampling units that had not been back-pack
sprayed, with an insignificant difference between units that had been aerially sprayed or
not. In this instance, you could conclude that it was the effect of back-pack spraying that
was important for native species growth, not aerial spraying. An unbalanced design, e.g.
minus the combination that tests hypothesis H3, would be sufficient to test for either of
these two effects.
Alternatively, you may want to determine which treatment order (i.e. sequence of multiple
treatments) is most effective (e.g. whether it is aerial spraying followed by back-pack
spraying that is most effective or aerial spraying followed by more aerial spraying). If this is
the case then each treatment needs to be present in each year as well as all possible
treatment combinations in year 2 (Figure R3); i.e. all possible combinations have occurred
by year 2.
pre-treatment

Year 1

treatment 1 (T1)
(aerial spraying)

Year 2

T1

T2

EC

treatment 2 (T2) experimental control (EC)
(back-pack spraying)
(no spraying)

T1

T2

EC

T1

T2

EC

Figure R3. A full experimental design tree to assess the combined effects of aerial and back-pack
spraying as well as their most effective order.

Step 4.

Determine which sampling method you will use

The sampling method(s) you use will be partly determined by the research question(s) you
are asking and the sorts of data you will need to collect to answer it/them. A range of
sampling methods can be used to collect similar sorts of data, each with its own advantages
and disadvantages. A number of sampling methods are described in the Advanced
monitoring tier. This list is by no means comprehensive and you may find that other
methods, such as nested quadrats or point intercepts, are more appropriate to your needs.
A large number of texts are available that provide a comprehensive overview of sampling
methods (e.g. Elzinga et al. 2001, Sutherland 2006). The sampling method you decide on
will of course need to be sensitive to the dependent variables you will be measuring.
Whilst it is recommended that you research the various methods available before you
decide on which one you will use, where possible you should try and use the methods
described in the Advanced monitoring tier, albeit expanded into a research level monitoring
program. This will enable comparisons to be made between sites, species techniques, and
monitoring programs when the Bitou Bush Threat Abatement Plan is reviewed.
After determining which sampling method you will use, a large number of other important
decisions must be made, such as the size and shape of sampling units, and whether these
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sampling units will be permanently or temporarily left in the landscape. See the
Additional information section in the Advanced monitoring techniques for a discussion of
these points (page A39).

Step 5.

Define your dependent variables

Dependent variables are those attributes (e.g. canopy cover of native species) that are
measured across all treatments and across the time frame of your experiment; multiple
dependent variables can be measured within the one experiment. It is important to select
dependent variables that are sensitive to the treatments of your experimental design, and
will show a measurable response within the time frame of your experiment.
In some instances, the dependent variables will be determined by the conceptual model you
are investigating. Often, however, you will need to choose which dependent variables to
measure. To make this decision you should use a two step process. Firstly, you must
determine the scale at which you will measure the response (e.g. species, population or
community level), and secondly, the particular attributes to measure. You may, for
example, choose to measure some aspect of the species itself, such as its percentage cover,
density, height, or age, or another indicator. Which variables are most suitable for
monitoring depends on the life history and morphology of the species, the tools
and resources available to measure the variable, and the likely effects of the
treatment(s) on the variable. Your dependent variables may also include multiple
attributes of multiple species, however you must consider how this will affect your analysis
of the data. For example, while it is possible to analyse the effects of treatments and
experimental controls separately for each species and each attribute you have measured, it
may be preferable to combine the data across species and attributes into a multi-variate
analysis (e.g. principle components analysis (PCA), multiple regression, or multidimensional scaling (MDS)). See Step 10 for a discussion of data analysis.

Step 6.

Determine your monitoring frequency

The monitoring frequency or sampling interval should be determined by the aim of your
study relative to the time required to observe the result and the variables measured. Thus
your research program needs to consider the life form of the target species you are
monitoring (e.g. native species at risk or vegetation and/or bitou bush) and the length of
time that will be required to detect the response in the dependent variable(s) you are
measuring (e.g. will canopy cover increase by a detectable amount over several months or
will it take years?). The common monitoring frequencies for assessing the response of
native species to weed control are either seasonally (i.e. every 3 months), biannually or
annually. The resources available for monitoring should also be taken into consideration,
especially on an annual basis. In addition, you might want to change the monitoring
frequency based on your initial or interim results.

Step 7.

Replicate your treatments and controls and
determine the sample size

All land managers know that natural systems are inherently variable. Within a single
species, for example, individuals can vary considerably in their dimensions, vigour, or
growth form, depending on inherent genetic differences and/or environmental
characteristics (e.g. soil, wind, aspect, elevation, exposure to salt, etc.). All environments
are also variable. This natural variability has important consequences for your experimental
design and analysis, and is the basis for experimental replication.
Replication is the repeated measurement of an attribute across samples and space,
enabling you to calculate and account for the variability of each attribute that is associated
with a sample. This is not the same as the repeated measurement of an attribute from a
single sample. Such repeated measurements do not account for the inherent variation
between samples, and thus there is no way to measure whether the single sample is
representative or not of the population being sampled. Thus only by sampling across the
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variation of a species and habitat can a representative sample be derived (i.e. with a mean
and a standard deviation or error).
How many replicates you use (the sample size,
or n) is critical to your ability to answer your
monitoring question, and therefore the success of
your experiment or research monitoring
program. Your selection of a suitable sample size
should be based upon:

Box R1. Accuracy is the
closeness of a measured value to
its true value. Precision is the
closeness of repeated
measurements of the same
quantity (Figure B1).

the specific objectives of your experiment or
research monitoring program, including a
consideration of how accurate and precise
you need your estimates (data) to be and the
size of the minimum detectable change you
want to detect (see Box R1)
the amount of variability present in your
a)
b)
samples, which will be influenced by the size
and shape of your sampling units and the
Figure B1. A graphical depiction of
spatial distribution of the individuals you are
a) accuracy and b) precision.
measuring. The degree of variability present
should be determined during a pilot study;
Efficient sampling designs try
being a scaled down version of your
to achieve high precision. In
experimental design to determine if your
the analysis the standard
methods are applicable/appropriate to your
deviation is a measure of the
target species and the site
repeatability or precision of a
the statistical tests you plan to use, and their
sample, however it doesn’t
assumptions. Which statistical tests you use
allow you to assess the
should be based on the hypothesis or
accuracy of your sample.
hypotheses you are testing, your experimental
The minimum detectable
design, and the type of data you are
change (MDC) is the size of
collecting. However, within an experimental
the change you wish to detect
design (e.g. those shown in Figures R1-4)
using your management
there is scope to decide whether your
objectives (e.g. a 20%
sampling units will be permanent or
increase in vegetation cover
temporary, random or systematic, and within
over 3 years). The MDC should
systematic samples whether it is the transects
consider the biological
of sampling units or the sampling units
implications and monitoring
themselves which will be treated as the units
costs: detecting a small
of replication. See the Additional
change generally requires
information section within the Advanced
more intensive monitoring
monitoring tier for a discussion of these points
than detecting a large change.
(page A38). Furthermore, statistical tests
Note that even statistically
which assume samples are independent and fit
significant changes can have
a normal distribution (e.g. parametric tests)
no biological significance.
may require larger sample sizes than
statistical tests without these assumptions
(e.g. non-parametric tests); see Step 10 for a discussion of data analysis.
To calculate the total number of sampling units over the duration of the
experiment/research monitoring program (referred to as the total sample size, or N), sum
the sample size (n) of each treatment and experimental control and multiply by the number
of sampling events over the duration [time frame] of the program to give you the total
number of sampling units or the total sample size.
For example, if you select 5 replicates to detect the variability for each treatment (e.g.
aerial spraying – see Figure R1), then the sample size in year one is 10 replicates, being 5
in treatment 1 and 5 in the experimental control (i.e. non treatment or non-sprayed area).
Alternatively, if you wanted to examine the treatment combination of aerial spraying
followed by back-pack spraying in the following year (e.g. Figure R2a), then your sample
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size would be 10 in year 1 (5 replicates in aerial spraying treatment and 5 in the
experimental control) and the same 10 in year 2 (5 replicates in the treatment combination
aerial spraying followed by back-pack spraying, and 5 in the experimental control). Fully
replicating this experimental design (accounting for all combinations of treatments and
controls, see Figure R2b) would require a total sample size (N) of 20: 5 replicates for each
of the treatment combinations in the second year (aerial spraying and back-pack spraying,
aerial spraying and no back-pack spraying, the experimental control and back-pack
spraying, the experimental control in both years). Thus, in the first year, there would have
been 10 replicates for the aerial spraying treatment, and 10 replicates for the experimental
control. If you expand the experiment to include a second treatment (e.g. back-pack
spraying) in one year (e.g. Year 1 in Figure R3), then your sample size is 15 (5 for each of
treatment 1, treatment 2 and the experimental control). However, if you wanted to
determine the most effective treatment combination using these three treatments, every
possible treatment combination is needed (Figure R4). Thus, when every treatment
combination is replicated 5 times over three years, this equates to a total sample size (N) of
135. Note: Each of these 135 sampling units needs to be established at the beginning of the
experiment (i.e. in the pre-treatment area of Figure R4) and then each is monitored each
year.

Treatment combination (n=27)

pre-treatment

treatment 1 (T1)
(aerial spraying)

T1

T2

treatment 2 (T2)
(back-spraying)

EC

T1

T1 T2 EC T1 T2 EC T1 T2 EC

replicate
number 5

5

5

5

5

5

5

5

5

T2

EC

3 x T1
3 x T2
3 x EC

5 x 9 samples

experimental control (EC)
(no spraying)

T1

T2

EC

3 x T1
3 x T2
3 x EC

5x9

Total sample size (N) = 27 treatments combinations x 5 replicates for each
N = 135 per year

Figure R4. The experimental design tree expanded from Figure R3, showing the design required to
determine the most effective treatment combination order (sequence) for two treatments, (aerial
spraying and back-pack spraying) and an experimental control, based on 3 possible combinations (i.e.
over 3 years). In addition, the number of replicates has been included to demonstrate the sample size
of the experimental design.

These examples demonstrate that it is essential that you think about your experimental
design relative to your question when planning your research monitoring program. It will
not be possible, for example, to add a treatment at a later stage (i.e. after all sampling
units have been put in place), as the total number of sampling units prescribed would
preclude adequate replication of an additional treatment as well as the initial ones. Careful
development of your experimental design will ultimately lead to the most appropriate use of
resources in terms of money and labour. Lastly, your experimental design may be
constrained by your site conditions (e.g. topography, access, etc.) or by the infestation of
bitou bush present, or by the number and spatial distribution of the native species at risk.
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Step 8.

Randomly allocate treatments and experimental
controls

As outlined in the Advanced monitoring methods, random sampling is the basis of most
statistical analysis techniques and must therefore be used. Non-random sampling introduces
bias into your experiment, reducing your ability to attribute observed changes to a
particular treatment effect, or to determine causality. Random sampling is often difficult to
implement, and you may at times be tempted to choose ‘representative’ samples rather
than random ones, or to conclude that a sampling regime that is convenient is also a
random one. Such practices, however, will invariably bias your sampling in un-measurable
ways. You must decide whether to select fully-random or pseudo-random starting points,
also whether your sampling units will be distributed randomly or systematically at these
points (see page A10 in the Advanced monitoring techniques for an overview, and the
methods outlined to select each).
Importantly, while the Advanced monitoring techniques covered random sampling in space,
samples should be random in both space and time. Thus you need to ensure that both
the individual treatments and the treatment sequences are selected randomly. If the
treatments are randomly selected but not the treatment sequences, then the samples may
become clumped (see Figures R5).
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3

backpack spray
no backpack spray

2
3

4
5
6

5

monitoring
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6
7

8
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9
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12
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13

4

5

6

7

8

9

10

11 12

13

14

backpack spray
no backpack spray

monitoring
area

13

aerial spray

14

15

15

16

16

17

17

18

18

19
20

3

4

7

14

2

1

1
2

1

14

aerial spray

19

no aerial spray

20

21

21

(a)

(b)

no aerial spray

Figure R5. A pictorial example of the experimental design from Figure R2b. In year 1, half the
sampling units within the monitoring area were aerially sprayed (hatched area) while the other half
were not (un-hatched area), while in year 2 half the sampling units within each aerial spray/no aerial
spray treatment area were treated with a back-pack spray (yellow dots), while the other half were not
(black dots). The location of sampling units in both (a) and (b) have been randomly selected in space,
however the sampling units in a) were not randomly selected in time (i.e. for the treatment
sequence), and both the aerial spray and back-pack spray treatments are therefore clumped. Backpack spray sampling units in (b) have been randomly selected in both space and time, however the
aerial spray sampling units are still clumped in the north of the monitoring area. See Figure R6b for
preferred design.
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Although sampling units must be placed randomly within your monitoring area, you must
also consider prior activities which might affect or confound your experimental design.
Confounding variables are those that are correlated with both the dependent variable and
the independent variable and can be either natural or human induced. Common confounding
variables in vegetation studies include aspect, altitude, fire history, previous weed control
activity, trampling, proximity to a pollution source or salt spray to name just a few. All
these factors can affect vegetation, and therefore can also affect its response to
experimental treatments such as weed control. Possible existing confounding variables need
to be considered when you are designing your experiment and locating sampling units. One
way to deal with confounding variables is to stratify your sampling (also known as
blocking). This involves arranging your sampling units into groups (blocks) that are similar
to one another (e.g. within each aspect), then randomly sampling within each block (and
treatment) (e.g. Figure R6 shows an experimental design with the confounding variable of
prior fire history). If you plan to run your research monitoring program over an extended
period of time, it might be worth adding additional sampling units in order to account for
unforeseen confounding variables like fire.
Note that the density of bitou bush (or other weeds) can also be a confounding factor if
particular weed control treatments are targeted towards a particular density of bitou bush.
You should ensure that there are similar densities of bitou bush within all treatments and
controls. Some treatments may not be conducive to block designs.
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Figure R6. A pictorial example of the experimental design from Figure R2 demonstrating the
confounding effect of fire when sampling units are not randomly distributed in space and time. In a),
the concentration of the aerial spray treatment in the north of the monitoring area confounds this
treatment by fire history; all sampling units within the aerially sprayed area have also been recently
burned (burned area shaded red), while those in the area not aerially sprayed have not been burned.
Altering the spatial distribution of the aerial spray as in (b) and conducting stratified sampling within
the burned and un-burned area would remove the confounding effect of fire.
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Step 9.

Collect data

Data should be collected according to the experimental protocols you have established. Here
we recommend using those methods outlined in the Advanced monitoring techniques to
collect your data. Any deviance from the established protocols must be recorded at the time
of data collection and kept with the data. Do not change the protocols during your research
monitoring protocols as it will greatly influence the quality of your data and your ability to
analyse it, and possibly make it unanalysable. Note: It is important to document your
experimental design so others can follow it, it remains constant, and to make publication of
the results easier.

Step 10. Enter and analyse data
Raw data should be entered into an electronic spreadsheet or database as soon as possible
after collection and saved in a location and with a file name that you, and others, will be
able to find in future (e.g. see page A68 in the Advanced monitoring techniques for
guidance). Any questions that arise when you are entering data are more likely to be
answered when the fieldwork is still fresh in your memory or the people who collected the
data are available.
Data should also be analysed as you collect it rather than at the end, especially if you have
a long experimental or monitoring period. Doing so will provide early identification of any
problems in the experimental design, and any questions requiring additional field work, or
adverse impacts, can be quickly addressed.
The analysis you apply to your data should be appropriate to the type of data it is (e.g.
counts, proportions or percentage change) and the way it was collected. If you are not
familiar with different statistical tests then we recommend you consult with a
statistician or scientist or refer to one of the many texts on statistical analysis of
data (e.g. Underwood 1997). If you use the sampling methods in the Advanced
monitoring tier, basic data analysis techniques are provided.

Step 11. Write report
The results of your study should be compiled and written in some form of report within a
few months of its completion. This report should state the aims of your program, the field
methods and statistical analyses used, your findings, and a discussion of their implications.
The form of this report will vary depending on the aims of your research monitoring
program, any reporting requirements, and your findings, however compiling such
information will assist others dealing with similar situations if you make the report readily
available.

Step 12. Submit your report and data
If your research monitoring program occurs at a Bitou TAP site then you should submit a
copy of your report and data to the bitou TAP coordinator. Email electronic copies (the
preferred medium) to bitou.TAP@environment.nsw.gov.au; hard copies can be sent to the
address in the front of this manual.

Research monitoring techniques
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