	Weed Control Monitoring SOP

[image: image18.wmf]Department of Conservation

Te Papa Atawhai


	QD Code: NH1234

Main Index/03 p. 1 of 7
As a printed copy, this is an uncontrolled document



	The Standard Operating Procedure for 

Monitoring Weed Control
QD Code: NH 1234

[image: image1.wmf]Department of Conservation

Te Papa Atawhai




	Authorisation signatory: 


	John Cumberpatch
Southern Regional General Manager

Date:  7 February 2000

	Amendment date
	Amendment details (Module, page number)
	Version

	07/02/2000
	Main index

Module 1

Module 2

Module 3

Appendix 3.1

Module 4

Appendix 4.1

Module 5

Module 6

Module 7

Module 8

Module 9

Appendix 9.1

Module 10

Module 11

Module 12

Appendix 12.1

Module 13
	01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

	04/04/00
	Main index

Module 1

Module 2

Module 3

Appendix 3A

Module 4

Appendix 4A

Module 5

Module 6

Appendices 6A

6B

6C

Module 7

Module 8

Module 9

Appendix 9A

Module 10

Module 11

Appendices 11A

11B

Module 12

Appendix 12A
	02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

	20/09/00
	Main index

Module 3, p.3

Module 6, p. 1

Module 6, p. 6

Appendix 6B

Appendix 6C

Appendix 9A

Module 11

Appendices 11A
	03

03

03

03

03

03

03

03

03

	Acknowledgements
	

	
	
	This SOP was written by Julie Geritzlehner and the project was managed by Chris Buddenhagen (Science & Research Unit). 

We thank the following Area and Conservancy staff for helping us to establish current weed control monitoring practice: Tony McCluggage (Northland), Rory Renwick (Kaitaia), Glen Coulston (Whangarei), George Wilson (Auckland), Geoff Stone (Auckland), Phil Todd (Great Barrier), John Wotherspoon (Rangitoto), Thelma Wilson (Warkworth), Alicia Warren (Warkworth), Lisette Collins (Waikato), Ginny Reid (Maniapoto), Jason Roxburgh (Hauraki), Grant Barnes (Waikato), Paul Cashmore (Bay of Plenty), Bruce Mossman (Rotorua Lakes), Murray Thompson (Tauranga), Graeme LaCock (Wanganui), Tom Rouse (Palmerston North), Joanne O’Reilly (East Coast/Hawkes Bay), Alan Lee (Ahuriri), Nick Singers (Tongariro/Taupo), John Sawyer, Philippa Crisp (Wellington), Richard Gill (Kapiti), Peter Griffen (Poneke), Garry Foster (Wairarapa), Tony Silbery (Mount Bruce), Melanie Newfield (Nelson/Marlborough), Malcolm Brennan, Jan Clayton-Greene  (South Marlborough), Paul McArthur (St. Arnaud), Tim Shaw (Motueka), Tom Belton (West Coast), Martin Abel (Buller), John Mead (South Westland), Chris Woolmore (Canterbury), Graeme Crump (Raukapuka), Neil Bolton (Twizel), John Trotter (North Canterbury), Bruce Kyle, John Barkla (Otago), Brin Barron (Wakatipu), Paul Hondelink (Wanaka), John Pearce (Coastal Otago), Karen Vincent (Central Otago) and Murray Nieuwenhuyse (Southland). 

We appreciate Coleen Cory and Pat Bily of The Nature Conservancy in Hawaii (TNCH) for discussing and sending copies of the weed monitoring protocols used in TNCH preserves.

We thank the following people for reviewing the SOP or for providing useful comments at various stages: Grant Barnes (Waikato), Alan Lee (Ahuriri), Bruce Mossman (Rotorua Lakes), Kerry Brown (Twizel), Tony McCluggage (Northland), Graeme LaCock (Wanganui), Melanie Newfield (Nelson/Marlborough),  Carol West (Southland), Keith Briden (Southern Region), Susan Timmins, Helen Braithwaite, Theo Stephens, Jaap Jasperse (Science & Research Unit), S-J Owen, Joseph Arand (Conservation Policy Division), Martin Sebire, Jonty Somers (Business Management Division), Bill Lee (Landcare Research Dunedin) and Peter Handford (Forme Consulting Wellington).

We acknowledge Chris Edkins (Science & Research Unit) for producing the diagrams.

We are grateful to Chris Frampton of Lincoln University and Jennifer Brown of the University of Canterbury who provided statistical advice throughout.


	Main Index:
	Contents

	Module 1
	
	An Introduction to the SOP 

· Why a SOP for monitoring weed control? 

· Who is it targeted at?

· Outline of what the SOP does and does not cover

· How the SOP was developed

· Improvements to and review of the SOP

· Definitions 

	Module 2


	
	An Introduction to Monitoring Weed Control 

· Definitions of monitoring

· How monitoring may improve weed management

· Accountability for monitoring
· The types of monitoring 

· The process of monitoring 

	Module 3
	
	Selecting Programmes for Monitoring and Setting Objectives

· Choosing which programmes to monitor and which type of monitoring to do 

· Developing specifications for monitoring 

· Setting objectives

Appendix 3A: Worksheets for recording monitoring specifications

	Module 4
	
	Deciding on Methods for Result Monitoring 

· Deciding on a type of method

· A robust sampling design 

· Stratifying the monitoring area 

· Deciding between plots and belt-transects and what to measure

· Plot shape and size and belt-transect size

· Number of plots or belt-transects and/or patches

· Distance between plots, belt-transects or patches along belt-transects

· Definitions

Appendix 4A: Concepts and principles of data collection 

	Module 5
	
	A Method for Outcome Monitoring
· The three experimental design options 

· Choosing an experimental design option  

· A robust experimental design 

· Deciding what to measure

· Assigning treatments and experimental controls

· Number of replicates

· Shape and size of plots

· Number of plots

· Distance between plots

· Definitions

	Module 6
	
	Organising Fieldwork and Data Management

· Recording methods

· Field equipment list

· Designing recording sheets

· Frequency and timing for monitoring

· Standards for data collection and recording

· Standards for organising collected data 

· Reporting

Appendices 6A: Random number table

6B: Example of a recording sheet

6C: Example of entering data into Excel

	Module 7
	
	Result Monitoring: Marking and Mapping Infestations

· How to mark, map and measure infestations

· Carrying out wider searches for infestations

· Re-measuring infestations 

· Standards

· Limitations

	Module 8
	
	Result Monitoring: Fieldwork for Sampling

· How to distribute plots 

· Marking and measuring plots

· Re-measuring plots 

· How to distribute and measure belt-transects 

· Re-measuring belt-transects 

· Sampling within patches

	Module 9
	
	Photopoints

· Defining photopoints and photoframes

· Standards for photopoints

· Setting up photopoints and recording the details

· Taking the photos and recording the details 

· Managing photopoint data

· Re-measuring photopoints

Appendix 9A: Examples of recording sheets for photopoints

	Module 10
	
	Fieldwork for Outcome Monitoring 

· Standards

· When entire sites or blocks within sites are the experimental unit

· When plots are the experimental unit and the treatment and experimental control are paired 

· When plots are the experimental unit and the treatment and experimental control are not paired

· Marking and measuring plots

· Relocating and re-measuring plots

	Module 11
	
	Analysing and Evaluating Result Monitoring Data

· Steps of data analysis

· Creating histograms

· Using data to evaluate control programmes

Appendices 11A: Concepts for analysing data

11B: An example of a histogram

	Module 12
	
	Analysing and Evaluating Outcome Monitoring Data

· Creating graphs and charts

· Summarising the data

· Statistical analysis of vegetation change

· Interpretation of data

Appendix 12A: An example of analysing data in Excel


	Module 1:
	
	An Introduction to the SOP

	Contents
	
	This module covers:
	Page
	

	
	
	· Why a SOP for monitoring weed control 
	1
	

	
	
	· Who this SOP is targeted at 
	1
	

	
	
	· What is covered
	2
	

	
	
	· What is not covered
	2
	

	
	
	· How this SOP was developed
	3
	

	
	
	· Improvements 
	3
	

	
	
	· Review 
	3
	

	
	
	· Definitions
	3
	

	Why a SOP for monitoring weed control?
	
	The objective of this SOP is to provide relevant and robust vegetation monitoring methods for Department of Conservation (DOC) staff to evaluate the results and outcomes of weed control programmes. 

This SOP is controlled so that:

· all staff have access to and can identify the correct and current version 

· there is a process for amendment and review so that contents can be changed according to the needs of users.

	Who is it targeted at?
	
	This SOP provides guidance for the following DOC staff:

· Weed Programme Managers in Area Offices

· Conservancy Technical Support Officers, who provide technical advice related to weed management 

· Other DOC staff with responsibilities for monitoring weed control programmes.

External agencies may use this SOP, yet they should always check for newer versions, as the document they have may not be the latest version.

	What is covered?
	
	This SOP outlines:

· the process for monitoring the response of weed and native plant populations to weed control 

· the accountabilities for the various procedures involved in monitoring weed control

· scientifically and statistically rigorous methods for collecting and analysing data
· standards so that the data collected from monitoring are reliable, comparable and that collection and analysis are repeatable

· mandatory standards are indicated by the word shall
· recommended standards are indicated by the word should
· procedures for staff to:

· prioritise programmes for monitoring and decide on the appropriate type of monitoring

· set objectives for monitoring

· decide on appropriate data collection methods 

· carry out fieldwork for monitoring

· record, store and analyse data

· use the collected information to evaluate and report on weed control programmes so that management can be adjusted accordingly.

	What is not covered?
	
	This SOP does not describe how to:

· audit weed control programmes, i.e. record and evaluate hours and herbicide used

· monitor the impact of weed control on invertebrates, vertebrates and overall ecosystem function 

· monitor weed control programmes that are carried out in aquatic or oceanic ecosystems
· complete an inventory of sites for weeds

· monitor species and sites for which no weed control is planned

· search for and document new incursions of invasive weeds.


	How was this SOP developed?


	
	This SOP was developed in consultation with Area, Conservancy, Regional and Head Office staff. The aim of consultation was to:

· establish if any suitable monitoring methods were already in use

· understand the issues and processes involved in monitoring weed control programmes

· understand the strategic direction of weed management and monitoring

· define the range of weed control scenarios likely to be monitored  (i.e. type of weed, native vegetation in which the weed occurs, degree of infestation).
Consultation revealed that weed control programmes within DOC have not generally been monitored in a robust and repeatable manner. Therefore, monitoring methods were re-designed in accordance with scientific and statistical principles.

	Improvements to this SOP
	
	· Anyone may request changes to improve this SOP.

· Requests shall be made to the Southern Regional Office. 

	When is this SOP reviewed?
	
	The Southern Regional Office shall arrange an annual review of this SOP for monitoring weed control. 

	Definitions 


	
	A Weed Programme Manager is the person in the Area Office who manages the weed programmes. 

A Technical Support Officer (TSO) Weeds is the person at the Conservancy Office who provides advice on weed management.

A Standard Operating Procedure (SOP) is an instruction on how to do an activity, such as monitoring.


	Module 2:
	
	An Introduction to Monitoring Weed Control 

	Contents
	
	This module covers:
	Page
	

	
	
	· Defining monitoring
	1
	

	
	
	· How monitoring may improve weed management
	2
	

	
	
	· Accountability for monitoring
	2
	

	
	
	· Types of monitoring
	2
	

	
	
	· The process of monitoring 
	5
	

	What is monitoring?

See the Conservation Policy Division paper: Measuring Conservation Management Projects: definitions, principles and guidelines. 2nd edition. Department of Conservation 1999 
	
	Monitoring is the measurement of change in the abundance and condition of weed and native plant populations over time, that indicates whether desired changes in the vegetation have occurred as a consequence of weed control.

Monitoring thus enables DOC staff to evaluate the progress and success of their weed control programmes. 

The four principles for monitoring stipulated by the Conservation Policy Division are:

1. monitoring shall be specified in the programme plan

2. monitoring methodologies shall be scientifically rigorous, i.e. 
3. monitoring shall be cost-effective

4. competent staff shall be used.

These principles are implemented in this standard operating procedure through the stipulation of standards and accountabilities. 

	
	
	

	How can monitoring improve weed management?
	
	Information from monitoring enables DOC:

· to evaluate the progress and success of weed control programmes and make decisions about future weed control, e.g. whether it is desirable or practical to continue controlling the weed species

· to provide Government with good information about the effectiveness of DOC weed management on conservation land

· to demonstrate wise use of public funds to maintain public support and retain funding for weed control programmes.

	Accountability for monitoring

Please refer to the accountabilities and responsibilities outlined in the introduction of each module. 
	
	Area Managers are accountable for ensuring that the monitoring of weed control programmes is in accordance with the standards in this SOP.

The most competent persons shall design, plan and undertake weed control monitoring and evaluate and report on the results.

With agreement between Area Managers and the Conservancy Technical Support Manager, the Conservancy Technical Support Unit can assume responsibilities for weed control monitoring.

	What are the types of monitoring?

See the Conservation Policy Division paper: Measuring Conservation Management Projects: definitions, principles and guidelines. 2nd edition. Department of Conservation 1999.
	
	

	
	
	Result monitoring for weed control programmes involves measuring change in the abundance and condition of weed populations over time and quantifying any non-target damage to native plant species. The overall purpose is to evaluate whether control:

· is progressively reducing the weed population or maintaining it at a target level (for site-led programmes)

· will achieve the eradication or containment objective within 5-10 years (for weed-led programmes).

For each year that control occurs, result monitoring should evaluate:

· whether the result targets for the current year’s control work were achieved, i.e. a percentage reduction or a “residual” target level

· whether the level of non-target damage to native plant species is acceptable.

	
	
	

	The types of monitoring continued…
	
	Outcome monitoring for weed control programmes involves experimentally measuring changes in the abundance and condition of native vegetation and weed populations (over time) in relation to weed control. The purpose is to:

· evaluate whether changes in the vegetation can be attributed to the weed control (as opposed to other factors) 

· evaluate whether control of the weed population/s brought about the pre-defined conservation outcomes

· evaluate whether the pre-defined conservation outcomes are appropriate 

· set meaningful result and outcome targets, given knowledge gained.

	
	
	

	Hypothetical example of result monitoring
	
	A Pinus contorta control programme for a 1100 ha reserve began in the 1994/95 financial year. Result monitoring was designed to evaluate whether control is progressively reducing the pine population. The objectives of result monitoring in the first year of control were to:

· determine whether the pine population was reduced by 95% 

· quantify any non-target damage to native plant species and determine whether levels are acceptable.

Before and after the 1994/95 control operation, the following measures were recorded from permanent belt-transects located in a random systematic manner
 throughout the defined monitoring area:

· density of the pine species (in seedling/sapling/tree/seeding tree size classes) 

· condition of native species (abundance of unhealthy individuals).

From this information, the Weed Programme Manager evaluated:

· the need for follow-up control

· whether the control method was appropriate.

Result monitoring was carried again in the 1996/97 control year. The initial belt-transects were re-measured before and after control to quantify:

· the extent of regeneration from the seed-bank or re-invasion

· the level of control achieved in the 1996/97 control year

· any non-target damage to native plant species.

From the monitoring information, the Weed Programme Manager:

· evaluated whether the result target was met in the 96/97 year

· evaluated whether the control programme had progressively reduced the pine population

· determined the need and timing for ongoing control and monitoring.

	Hypothetical example of outcome monitoring
	A high value (i.e. species rich with rare species) 5000 ha tussockland/shrubland reserve has been invaded by broom (Cytisus scoparius). Within 50 ha broom cover is dense and in a further 3000 ha broom consists of patches and individual plants at low-density. 

Conservation outcome and control objectives:

· To maintain a predominantly native plant community that changes through a process of “natural” succession from a tussockland to a native shrubland. 

· To prevent broom from impacting the conservation values of the site, (i.e. to prevent it changing the natural sucessional processes and thus altering the unique combination of native species (rare and common) that comprise the tussockland/shrubland community). 

Outcome monitoring objectives:

To determine whether the stated conservation outcome will be achieved by quantifying the response of the native plant community to the control of broom.

· Will areas where broom is controlled show a change in the number and abundance of plant species (both native and weedy)?

· What do the changes brought about by broom control imply for the long term composition and structure of the vegetation of the reserve? Are changes desirable, e.g. an increase in the number of native woody shrubs? Are changes undesirable, e.g. an increase in the number and abundance of weedy species?

Outcome monitoring undertaken:

Monitoring plots set up prior to control in areas where broom density was highest.

· Monitoring occurred before and after control for each year the area was treated. Control was carried out over the site with some plots being left uncontrolled. The presence and abundance of all plant species were measured in plots (as was the growth of selected species). Plots in areas that were controlled for broom were compared to plots where broom was not controlled. 

Managers were able to evaluate whether:
· the species composition and structure was significantly different between controlled and uncontrolled plots

· differences were advantageous in terms of the pre-defined conservation outcomes

· native plants grew more in controlled or uncontrolled plots

· the vegetation in plots with uncontrolled broom would be succeeded by native plants.

	What is the process of monitoring?
	
	The steps and accountabilities involved in planning, co-ordinating and delivering monitoring are outlined in Figure 2.1 on pages 6-7.

	Using the flowcharts
	
	The flowcharts are divided into two columns and three sections:

	
	
	
	Line/delivery: 

details the actions that Area Office and Conservancy Office staff need to take in order to monitor weed control programmes
	Support and service: 

details the actions that support staff may take to ensure that monitoring follows the standards in this SOP and that work is peer reviewed where necessary

	
	A. Planning for monitoring
	
	

	
	B. Collecting, recording and storing data
	
	

	
	C. Analysing data and informing management
	
	

	
	
	

	Flowchart boxes
	
	The boxes within the flowcharts cover the following:

	
	
	
	Main action

A description of that action
	

	
	
	
	Person responsible
	Timing
	

	
	
	For example:

	
	
	
	Collect data

Data shall be collected and recorded according to the specifications set in the programme’s work plan. Details that enable re-measurement, e.g. plot location shall be recorded.
	

	
	
	
	Weed Programme Manager
	Before and at suitable time intervals after control
	

	
	
	Arrows between and within the columns guide how information should flow.


	Figure 2.1: The process of monitoring

	Line/delivery
	Support and service


	A. Planning for monitoring (See Modules 3-5)

	Select programmes to monitor

 Priority weed control programmes shall be selected for monitoring and adequate resources should be allocated. 
	
	

	· [image: image18.wmf]Weed Programme Manager (in the Area Office)

· Conservancy Technical Support Unit 
	Feb/March

	
	Review selection and objectives

The suitability of the weed control programmes selected for monitoring shall be reviewed along with the monitoring objectives.
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	TSO (Weeds), peers, CAS, S&R
	Feb/March

	Set monitoring objectives 

Measurable objectives for monitoring shall be set.
	
	
	

	· Weed Programme Manager 

· Conservancy Technical Support Unit 
	Feb/March
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Design monitoring 

· A standard method shall be chosen and refined according to the objectives and the given weed control programme.

· The monitoring design shall include a plan for how data will be recorded, analysed, stored and used. 
	
	Review monitoring design

The monitoring design shall be reviewed and any necessary amendments made.

	
	
	TSO (Weeds), Peers,

CAS, S&R
	Feb/March

	
	
	

	· Weed Programme Manager 

· Technical Support Unit
	Feb/March
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	Get monitoring design approved

Approval for the monitoring design shall be sought from the Area Manager as part of the work plan approval process. Approval from the Technical Support Manager shall also be sought when the TSU does the monitoring
	
	

	· Weed Programme Manager

· Technical Support Unit
	Feb/March
	
	

	Line/delivery
	Support and service

	B. Collecting, recording and storing data  (See Modules 6-10)
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Collect monitoring data

Data shall be collected and recorded as planned. Details that enable re-measurement, e.g. plot location shall be recorded.
	
	Provide assistance

Field assistance or advice may be provided for collecting data.

	· Weed Programme Manager 

· Technical Support Unit
	Before and at appropriate intervals after control.
	
	TSOs, 

CAS, S&R
	Before and at appropriate intervals after control.
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	Manage data entry and storage

Collected data shall be stored so that they are safe and retrievable. Where data collection and storage methods differ from what was planned, details shall be recorded so that monitoring is repeatable and understandable.
	

	· Weed Programme Manager

· Technical Support Unit
	As soon as possible after data collection
	

	C. Analysing data and informing management (See Module 11 and 12)
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Analyse data and evaluate objectives

Data shall be analysed to determine whether targets and objectives were met. 
	
	Provide advice on analysis
 Advice should be sought and provided in relation to data analysis, evaluation and presentation of results.

	· Weed Programme Manager

· Technical Support Unit
	As soon as possible after data collection
	
	Peers, TSO (Weeds)

CAS, S&R
	As soon as possible after data collection

	[image: image26.wmf]Department of Conservation

Te Papa Atawhai



	[image: image27.wmf]Department of Conservation

Te Papa Atawhai

Report

Results and recommendations shall be presented in a report that also outlines the monitoring objectives and how data were collected, analysed and stored. It shall be sent to the Area Manager and the TSM when it is produced by the TSU.
	
	Review the report 

The methods and results of monitoring and weed control shall be reviewed and shared between people involved in weed management throughout DOC.

	· Weed Programme Manager

· Technical Support Unit
	Before business planning round

	
	Peers, TSO (Weeds)

CAS, S&R
	Before business planning round
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	Adjust weed control practice

Weed control shall always be informed by monitoring of previous years. Monitoring may also need to be modified.
	
	

	
	
	

	· Weed Programme Manager

· Technical Support Unit
	Before business planning round
	
	


	Module 3:
	
	Selecting Programmes for Monitoring and Setting Objectives 

	Introduction
	
	This module provides procedures for:

· determining which weed control programmes to monitor 

· planning which type of monitoring to do (i.e. whether to do result or outcome monitoring)

· setting objectives. 

Accountability: The Area Manager is accountable for ensuring that the most appropriate weed control programmes are selected for monitoring and that measurable objectives for monitoring are set in accordance with the standards and guidelines in this SOP.

Responsibility for selecting weed control programmes for monitoring and setting measurable objectives for monitoring: Either: 

· The Weed Programme Manager in the Area Office with support from the Conservancy Technical Support Officer (Weeds).

· The Conservancy Technical Support Unit.

	Contents


	
	This module covers:
	Page
	

	
	
	· Choose programmes to monitor and which type of monitoring to do
	2
	

	
	
	· Specifications for monitoring
	5
	

	
	
	· Setting objectives
	6
	

	
	
	Appendix 
	
	

	
	
	3A:  Worksheets for recording monitoring specifications
	

	
	
	
	
	

	Choose programmes to monitor and which type of monitoring to do
	
	Standard: Approximately 1/3 of weed control programmes should be monitored. 

Each weed control programme shall be examined to determine the:

1. need for and feasibility of result monitoring 

2. highest priority programmes for result monitoring

3. need for and feasibility of outcome monitoring

4. highest priority programmes for outcome monitoring.

	
	
	Guidelines:

Weed-led control programmes only require result monitoring. This is because the aim of the control is to eradicate or contain the weed. Native ecosystems are unlikely to have been impacted given:

· that the weed species may not occur in areas managed for conservation

· the recent invasion or low abundance of the weed species.

Site-led control programmes may require result and outcome monitoring, yet, outcome monitoring may not applicable to all site-led programmes. It is not cost-effective to try and monitor the outcomes of site-led programmes where there is a high risk that control work will not bring about a measurable change in the vegetation community, e.g. sites where the weed population occurs at a low density.

	
	
	Standard: 15-20% of the operating budget (time and/or money) of selected weed control programmes should be used for monitoring.

Background:

· If too little an investment is made in monitoring, the data collected may be inadequate for evaluating whether control objectives and result/outcome targets were achieved.

· The level of investment will vary according the type and size of the weed control programme. For example, programmes with small budgets will require a larger proportion to be invested to meet monitoring standards. Therefore, it may not be cost effective for all small budget programmes to be monitored. 

· The portion of the budget allocated to monitoring will fluctuate over the “life” of the programme and will generally be higher in the initial stages, e.g. to purchase monitoring field equipment and to carry out field work when monitoring for the first time.


	High and low priority  programmes for result monitoring 
	
	

	
	
	Programmes with a higher priority for result monitoring:
· weed-led

· high risk or high value sites, e.g. presence of threatened species that are likely to be affected by the weed or control measures

· contractors used

· focus is on a new weed species or requires you to use new methods of control

· large investment of resources.

	
	
	

	
	
	Programmes with a lower priority for result monitoring: 

· weed control undertaken for RPMS or recreational purposes 

· control method has been field tested or has proven results 

· site-led programmes of lower (botanical, wildlife, urgency of control) ranking

· the cost of doing robust monitoring is not justified in relation to the cost of control.

	
	
	


	Factors influencing the feasibility of outcome monitoring 
	
	Standard: Outcome monitoring shall not be undertaken for weed control programmes where vegetation change is unlikely to be detected.

The decision to do outcome monitoring should be made carefully, so that meaningful information is gathered. 

	
	
	The combination of factors that may make the programme suitable for outcome monitoring:

· it is a site-led programme

· presence of threatened plants where the weed occurs

· weed population at a high enough density for its removal to measurably affect the structure and/or composition of the native vegetation, e.g. wandering Willie removal allowing regeneration and subsequent growth of native species

· weed population occurs (at high densities) in a reasonably large part of the site or in several parts of it

· there is a high risk that weed control may not produce desired conservation outcomes, e.g. presence of other weeds which may colonise the space made available through control

· sites with a high (botanical, wildlife, urgency of control) ranking

· large investment of resources in the programme.

	
	
	

	
	
	Factors that make the programme unsuitable for outcome monitoring:
· it is a weed-led programme

· weed control undertaken for RPMS or recreation purposes

· weed at low density, thus weed control is unlikely to bring about a measurable response in the vegetation (i.e. control is about preventing an impact)

· it’s too risky to leave uncontrolled spots or sites of the weed (e.g. around the threatened or rare plant species)

· the cost of doing robust monitoring is not justified in relation to the cost of control.

	
	
	

	Developing monitoring specifications

	
	Standard: Specifications for monitoring shall be recorded as part of the work plan for each weed control programme to be monitored. 

Standard: Specifications for monitoring shall be reviewed by your peers and approved by your manager before monitoring is undertaken.

Specifications for monitoring shall be recorded so that information can be easily shared with all staff involved in weed management, now and in the future. There are worksheets in Appendix 3A for recording the specifications for monitoring. Changes to the format of the worksheets can be made. These changes should be forwarded to the Southern Regional Office for use in the review of the SOP.

Standard: The following information shall be included in the monitoring specifications: 

· The weed species to be monitored and the type of vegetation where the weed occurs

· The objective of weed control in terms of conservation outcomes and the target weeds species (i.e. the reason for undertaking weed control)

· Measurable objectives to express the why, where, when and what of monitoring

· A testable hypothesis for outcome monitoring

· The amount of resources budgeted for monitoring the programme

· A map and/or aerial photograph of the monitoring area 

· A description of the monitoring method

· The frequency and timing of monitoring

· A list of field equipment needed and how data will be recorded in the field

· An outline of what analysis will be done 
· An outline of how data will be stored

· An outline of how and when results will be reported and where information will be held 
· The names and positions of the person/s who completed the specifications

· The names and positions of the person/s who will be responsible for:

· carrying out the fieldwork. These persons should not be the persons who did the weed control
· data storage, analysis and for producing reports

· reviewing the specifications.
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Setting objectives

	
	Standard: The reason for undertaking monitoring shall be recorded as a measurable objective or as measurable questions.

· Before designing and carrying out monitoring, you need to ask yourself “what is it I want to know, what questions should monitoring be designed to answer?”

· The reason for doing weed control (in terms of the weed species and the conservation values of the site) should guide you when defining what you want to find out through monitoring. 
For result monitoring 

Reasons for undertaking result monitoring may include: 

· To quantify whether the result targets of control work this year were met, e.g. whether an 85% reduction in adult density was achieved within acceptable limits. 

· To quantify and evaluate the level of direct damage to native vegetation caused by the control method, e.g. whether less than 20% of plots had important native plant species that were killed or browned off by the herbicide.

· To evaluate the practicality of continuing to invest in the control of a species, by quantifying whether the weed is being significantly reduced in abundance over time in relation to control work.

Standard: An objective should express:

· Why monitoring is necessary, i.e. the questions you want answered
· Where monitoring will occur, i.e. the location
· When the data will be collected, i.e. timing and frequency
· What will be measured, e.g. the weed species

Example: 

To evaluate the 1999 crack willow spray operation at Okarito Lagoon by monitoring before control, six weeks and six months after control to determine:

· whether adequate coverage of the weed was achieved with the herbicide

· whether the target reduction of 90% was met for trees and saplings

· the extent of spray damage to native plant species.

The objective may seem wordy, however it is important to fully express what you are trying to achieve in a single statement that is measurable. Alternatively, you may record your objective as a set of questions that your monitoring will be designed to answer.

	Setting objectives continued…


	
	For outcome monitoring


· The general objective of all outcome monitoring is to determine whether a weed control programme brought about the desired conservation outcomes or the outcome targets set. 

· To record a monitoring objective that is measurable and specific to your site, you need to ask yourself what it is you are trying to achieve by doing the weed control, i.e. what is the desired conservation outcome of your weed control programme?

To make your objective meaningful and measurable, determine what you are interested in measuring, e.g: 

· growth of individuals of native plant species? 

· number and abundance of native plant species?

· number and abundance of other weed species?

· proportion of native plant species to weed species?



	
	
	Example of an outcome monitoring objective:

To determine whether the control of Tradescantia fluminenis on Stephens Island is enabling the regeneration of a plant community that is representative of the vegetation prior to the presence of Tradescantia.

For this objective to be meaning it needs to define the species and their relative abundance that would form the desired plant community.

	
	
	Standard: The reason for undertaking weed control shall be worded into specific and testable null hypothesis.

Formulating a null hypothesis requires you to come up answers to the question that you want outcome monitoring to address. Monitoring can then be designed to test this null hypothesis and determine whether the desired conservation outcomes were brought about by the weed control.

	Setting objectives continued…
	
	For outcome monitoring continued…

What is a null hypothesis?

· The null hypothesis is a statement of "no effect" or "no difference". 

· The null hypothesis is the statement being tested in a test of significance which is designed to assess the strength of the evidence against the null hypothesis (see Module 12 p. 5).
 

Monitoring can never prove (i.e. accept a hypothesis) that the weed control undertaken is responsible for the changes measured in the native vegetation. However, experimentally designed monitoring can reject a null hypothesis that the desired conservation outcome was not present after weed control occurred. 


	
	
	Example of a null hypothesis for monitoring the conservation outcomes of Tradescantia control on Stephens Island:

The number and abundance of native species do not differ significantly between plots where Tradescatia has been removed and where it has not been controlled.
Example of a null hypothesis for the outcome monitoring of a control programme for broom (Cytisus scoparius) in Tongariro National Park:

A tussockland or native shrubland having the desired structure and abundance of native species
 will not be present after 5 years of broom control.

	
	
	


	Appendix 3A:
	
	Worksheets for Recording Monitoring Specifications 


	Result monitoring specifications for weed control programmes

	WEED CONTROL PROGRAMME:
	AREA/CONSERVANCY:
	WEED SPECIES: 
	TYPE OF PLANT COMMUNITY WHERE THE WEED OCCURS:
	THE REASON FOR WEED CONTROL EXPRESSED AS A MEASURABLE OBJECTIVE  (include result targets and conservation outcomes):


	OBJECTIVE OF RESULT MONITORING:

	RESOURCES (TIME AND MONEY) BUDGETED FOR MONITORING THIS PROGRAMME: 
	DEFINE THE MONITORING AREA (attach map/aerial photo):

	MAP SERIES AND NUMBER AND GRID REFERENCE:
	METHOD (e.g. marking and mapping, sampling, photopoints):

	STRATIFICATION OF THE MONITORING AREA:

	MEASURES TO BE TAKEN:


	FOR PLOTS/BELT-TRANSECTS:

	Number:

Size and shape:

Distance between:

	LIST OF FIELD EQUIPMENT NEEDED & HOW DATA WILL BE RECORDED IN THE FIELD, e.g. attach recording sheet
	SYSTEM FOR MARKING:
	FREQUENCY/
TIMING:
	Start date:

Every (months/years):

Review dates:

End date (if feasible):

	WHAT ANALYSIS WILL BE DONE:

	HOW DATA WILL BE STORED AND ANALYSED:

	HOW AND WHEN RESULTS WILL BE REPORTED AND WHERE INFORMATION WILL BE HELD:

	PERSON/S WHO COMPLETED THESE SPECIFICATIONS:	

	PERSONS RESPONSIBLE FOR CARRYING OUT THE FIELDWORK:	

	PERSON/S RESPONSIBLE FOR DATA STORAGE, ANALYSIS AND FOR PRODUCING REPORTS:	


	REVIEW OF SPECIFICATIONS, e.g. by TSO (Weeds):
DATE:	

	AREA MANAGER/TECHNICAL SUPPORT MANAGER APPROVAL OF SPECIFICATIONS:
DATE:	


	Outcome monitoring specifications for weed control programmes

	NAME OF SITE-LED CONTROL PROGRAMME:
	AREA/CONSERVANCY:
	SINGLE SITE OR MULTIPLE SITE MONITORING AND AREA/CONSERVANCY THE SITES ARE MANAGED BY:
	WEED SPECIES: 

	TYPE OF VEGETATION COMMUNITY WHERE THE WEED/S OCCUR/S:
	THE REASON FOR WEED CONTROL EXPRESSED AS A MEASURABLE OBJECTIVE (i.e. desired conservation outcomes and outcome  targets):

	OBJECTIVE OF OUTCOME MONITORING:

	RESOURCES (TIME AND MONEY) BUDGETED FOR MONITORING THIS PROGRAMME:
	DEFINE THE MONITORING AREA (attach map/aerial photo):
	MEASURES TO BE TAKEN:

	PLOTS:	Paired/independent:

Number:

Size and shape:

Size of the buffer around

plots where weeds aren’t controlled:

	SYSTEM FOR MARKING:

	LIST OF FIELD EQUIPMENT NEEDED & HOW DATA WILL BE RECORDED IN THE FIELD, e.g. attach recording sheet
	FREQUENCY/
TIMING:	Start date:

Every (months/years):

Review dates:

End date (if feasible):
	HOW DATA WILL BE STORED AND ANALYSED (statistical analysis technique/s to be used):
	HOW AND WHEN RESULTS WILL BE REPORTED:

	WHERE INFORMATION WILL BE HELD:

	PERSON/S WHO COMPLETED THESE SPECIFICATIONS:	
	PERSONS RESPONSIBLE FOR CARRYING OUT THE FIELDWORK:	
	PERSON/S RESPONSIBLE FOR DATA STORAGE, ANALYSIS AND FOR PRODUCING REPORTS:	

	REVIEW OF SPECIFICATIONS, e.g. by the Conservancy Advisory Scientist:DATE:	
	AREA MANAGER/TECHNICAL SUPPORT MANAGER APPROVAL OF SPECIFICATIONS:
DATE:	

	Module 4:
	
	Deciding on Methods for Result Monitoring 

	Introduction 


	
	This module outlines how to choose between the methods suitable for monitoring change in the weed population controlled. It also provides procedures for determining the details of sampling, e.g. plot number, size and shape.

Accountability: The Area Manager is accountable for ensuring that methods for result monitoring are selected and designed to meet the requirements of the particular weed control programme in accordance with the standards in this SOP.

Responsibility for selecting and designing result monitoring methods for weed control programmes:
Either: 

· The Weed Programme Manager in the Area Office with support from the Conservancy Technical Support Officer (Weeds) 

· The Conservancy Technical Support Unit.

	Contents
	
	This module covers:
	Page
	

	
	
	· Defining the monitoring area 
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	· Deciding on a type of method
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	4A: The concepts and principles of collecting data 
	

	Defining the monitoring area
	
	Before choosing a method you need to define the area of the reserve (for site-led) or the locality (for weed-led) that will be monitored. 

Standard: The monitoring area should be defined on a NZMS 260 topographical map and/or aerial photograph.

Use information on the extent and distribution of the weed population/s (from a weed inventory or previous site-visits) to define the monitoring area. If this information is inadequate then the monitoring area should be redefined once out in the field. 

Questions to answer:

· What are the boundaries of the target weed population?

· Should buffer zones or the land containing potential seed sources be monitored? This will depend on the objectives of monitoring and the distribution of the weed species. It may also depend on whether access is granted to areas not administered by DOC.  

· For site-led programmes, will the area monitored include the:

· area being controlled this financial year? 

· area under sustained management (total area where weed control is sustained over time)?

· For weed-led programmes, will the area monitored:

· be restricted to all known infestations?
· include areas where the species could reasonably be expected to occur? Monitoring should not necessarily be restricted to the infestations being controlled this year.

	
	
	


	Figure 4.1: Deciding on a type of method

Information from an inventory or from visits to the site or infestations shall be used to choose appropriate monitoring methods.
If several weed species are controlled within one site-led programme, then an appropriate monitoring method should be determined for each species. It may be possible to monitor different species using the same method. The design should be optimised for the weed species with the highest priority for monitoring.


	
	

	
	
	Is it practical to mark and map each weed infestation because:

· the area for monitoring is small? 

· the number of infestations is relatively low?

· the infestations are localised?

· you are confident that you can find all the infestations?
	Yes


	Monitoring will involve mapping and permanently marking infestations and measuring their abundance. 
See Module 7

	
	
	No
	
	       
	

	
	
	
	
	Monitoring will involve measuring some of the weed population throughout the monitoring area (sampling), in order to make conclusions about the impacts of weed control on the entire weed population.

See this module

	
	
	Does the weed species occur at medium to high densities throughout an accessible area?
	Yes
	

	
	
	No
	
	

	
	
	· Does the weed population occur in inaccessible parts of the monitoring area, such as steep banks or cliff faces?

· Is the weed clearly distinguishable from native vegetation?

· Is it practical to set up photopoints at suitable vantage points?
	Yes


	
	

	
	
	· 
	
	Set up and permanently mark photopoints at suitable infestations throughout the area, and take photographs before and various times after control.

See Module 9

	 


	
	No
	Yes
	

	
	
	Is it most practical to monitor from the air as:

· the weed population occurs over a large area that cannot realistically be sampled from the ground
· the weed is clearly distinguishable from native vegetation.
	
	Arrange for aerial photographs to be taken or for the weed population to be sampled from a helicopter

(Not covered in this version of the SOP)

	Standards for a robust sampling design

To design a sampling method, follow steps 1-5 on pages 7-12 of this module.


	
	Through a robust sampling design, sample data can be confidently used to make conclusions about the effectiveness of weed control throughout the monitoring area. The essential requirements are that sample units (i.e. plots or belt-transects) are located randomly, are representative of the area controlled and are re-measured. 

Standard: Sample units shall be located at regular intervals along transects that are run across and at regular intervals throughout the monitoring area. 

Standard: The distance between sample units and between transects should be defined according to the number of sampling units required and the width and length of the monitoring area (see Figure 4.2).

Standard: The location of the first transect and the first sample unit along each transect shall be determined randomly. 

· These standards are to ensure that the sample units cover the range of vegetation where the weed population occurs and that they are not set up in subjectively chosen locations.

Standard: Sample units shall be permanently marked.

· By permanently marking and measuring the same sample units you will get a more precise estimate of change in the abundance of the weed after control. This is because the variable abundance of the weed throughout the monitoring area will not mask the change in weed abundance that is related to control. 

· By permanently marking and measuring the same plots or belt-transects you do not have to set up as many plots or belt-transects (see Appendix 11A p. 7 for the reasons why).

	Standards for a robust sampling design continued…


	
	[image: image2.wmf]
Figure 4.2: Diagram showing plots along transects for monitoring a weed that is distributed relatively evenly throughout a 5.5 ha reserve. Transects were run perpendicular to the river (on a restricted random bearing) to follow the dominant environmental gradient. To ensure the 20 plots required were spread throughout the monitoring area transects were placed 50 m apart. The first plot on each transect was placed at a restricted random distance (to ensure that the area close to the river wasn’t always sampled) and the rest were spaced 50 m apart.

	
	
	Standard: Transects should be run on restricted-random bearings to follow any obvious environmental gradient.

Standard: Where there is no obvious environmental gradient, it may be more efficient to run transects along the longest axis of the monitoring area.

	
	
	Examples of running transects along environmental gradients

· For a hilly reserve, transects were run with the changing altitude, perpendicular to contour lines. 

· For a coastal area, transects were run perpendicular rather than parallel to the sea or estuary. 

· For a flat tussockland, with no obvious physical gradients, transects were run with the prevailing wind direction (to follow the weed invasion gradient).

· When a river was a dominant part of a monitoring area, and the weed occurred throughout the area transects were run perpendicular to the river. 

	Standards for a robust sampling design continued…


	
	To suit the nature of the monitoring area, you may locate sample units in a slightly different fashion from the methods in this SOP. However, the sample units shall still be located in a random or systematic-random fashion and be spread so that they are representative. 

For example, if a river is a dominant part of a monitoring area and the weed only occurs close to the river, a transect may be run parallel to the river. Yet, instead of setting up plots along the transect, they are set up at variable distances perpendicular to the transect. For example, at each set distance along the transect, a random number between 0 and the distance the weed species extends from the river is generated to locate plots.

Standard: As much as possible given your knowledge of the monitoring area, you should determine the location of the transects on maps or photos while in the office. 

This means that most of your time in the field will be spent collecting data rather than determining the location of transects and sample units.

	Figure 4.3: Map of a coastal reserve with the monitoring area defined. The dominant environmental gradient runs from the ocean inland. Transects will start at a random distance along the western edge (where the rushland/sedgeland turns into scrub). From this point a compass bearing will be chosen at random. To ensure transects run along the gradient, only a bearing between 0750-1150 will be accepted.
	
	[image: image3.wmf]

	1. Is it helpful to stratify the monitoring area? 

	
	 Table 4.1: Stratifying the monitoring area

	
	
	If the monitoring area is large…
	then you should …

	
	
	and the density of the weed differs, e.g. wilding pine density decreasing across the area in the direction of the prevailing wind with increasing distance from the original seed source 
	divide the area into strata (a maximum of six strata) 
 so that weed density is more similar within than between strata 

	
	
	Sample units may be different between strata, e.g. plots will be appropriate where the weed is too dense to count all individuals along a belt-transect and belt-transects will be better where the weed species is sparser.

Data from different strata should be analysed separately. This will produce a less variable estimate of the change in weed abundance than if data from throughout the monitoring area were combined.

	2. What kinds of sample units are best and what do you need to measure?
	
	The growth form, distribution and density of the weed species define how data can be collected. 

Table 4.2 shall be used to define a sampling method. See also Appendix 4A, pages 10-12 for information on measures.


	Table 4.2: Determining whether to use belt-transects or plots and defining what to measure

	If the species consists of…
	that are…
	and infestations occur throughout the strata or area at:

	
	
	very low density then
…
	low to medium density then…
	high density then
... 

	individuals e.g. shrubs, trees
	scattered, e.g. sycamore
	don’t sample, go to Module 7 to determine how to mark and map each infestation.
	use belt-transects and count individuals
 
	use plots along transects and count individuals16 or estimate percentage cover17 

	
	clumped  into discrete patches e.g. broom, pampas
	don’t sample, go to Module 7 to determine how to mark and map each infestation.
	use belt-transects and count and measure the size of patches.17
For a set number of patches, count all individuals in the patch or sub-sample with plots16 
	use plots along transects and estimate percentage cover


	indistinguishable individuals, e.g. scrambling groundcover, vines or plants with rhizomes
	scattered, e.g. climbing asparagus
	don’t sample, go to Module 7 to determine how to mark and map each infestation
	use belt-transects and count and measure the size of infestations17  
	use plots along transects and estimate percentage cover17 

	
	clumped into discrete patches, e.g. Tradescantia
	don’t sample, go to Module 7 to determine how to mark and map each infestation
	use belt-transects and count and measure the size of patches17 
	use plots along transects and estimate percentage cover17

	3. What shape and size sample units?

Plots
	
	Standard: For each weed species monitored, the shape and size of sample units should be kept consistent within a stratum.
· A circle is the ideal shape for a plot as there is less edge. With less edge, fewer decisions need to be made about whether an individual is in the plot or not. 

· A quadrat (a four-sided shape) may be used. Quadrats are more appropriate than circular plots for estimating percentage cover.

· Tips for circular plots:

· Circular plots require less marking effort, i.e. they involve putting in a peg and from there measuring out the radius to determine the individuals within the plot.

· Circular plots are easiest to put in for low vegetation as the string or tape can be rotated (about the peg) above all vegetation.

· Circular plots will be less obvious to contractors as they are only marked by a centre peg. This is important as the presence of plots may encourage greater control effort within plots. Plots would therefore not provide data that was representative of the control achieved for the entire area.

· Particular attention should be given to accurately measuring out the radius, as circular plot boundaries are not marked.

Standard: The plot should be approximately 20 times the size of a mature individual of the species.


	Table 4.3: Guidelines for plot size given weed growth form

Belt-transects 


	
	Weed growth form
	Size of plots
	Circular radius
	Square edges

	
	
	Trees
	100 m2
	5.64 m
	10 m x 10 m

	
	
	Shrubs or herbaceous species over 1 m tall
	25 m2
	2.82 m
	5 m x 5 m

	
	
	Herbaceous species
	1 m2
	0.56 m
	1 m x 1 m

	
	
	· Belt-transect length should not exceed 100 m. It is preferable to have more shorter belt-transects than a few long ones.
· The belt-transect width depends on the density of the weed and the density of surrounding vegetation. The searched area should not be too wide. You need to be 100% confident that you have found all the individuals. As a guide, a width of up to 2.5 times the average size of a mature individual of the weed should be searched either side of the measuring tape.

	4. How many sample units?

Table 4.4: Determining the number of plots or belt-transects according to the size of the monitoring area
	
	The guidelines in Table 4.4 should be used to determine how many sample units you need. 

	
	
	Size of monitoring area
	Total number of plots
	Total number of belt-transects


	
	
	Up to 5 ha
	20
	5

	
	
	6–50 ha
	30
	10

	
	
	51–100 ha
	40
	15

	
	
	Greater than 100 ha
	50
	20

	
	
	Standard: If the area is divided into strata, then strata that cover a large area should have more sample units than strata that cover a smaller area.

· When monitoring a large and stratified area (for a well-resourced programme) you may apply the guidelines to each stratum rather than to the total area. For example, if you plan to monitor a 1400 ha area that you have divided into three strata (300 ha, 700 ha, 400 ha), you may establish 50 plots in each stratum (with the largest stratum having the most). 

· If you only have enough resources to set up the minimum number of plots for a large area, then use your common sense to allocate an adequate number of sample units to each stratum.

Standard: Each stratum should have at least four plots or at least two belt-transects. 

· Without preliminary sampling to determine an appropriate number of sampling units, it is difficult to provide precise guidelines. This is why it is so important to evaluate the number of sample units, once data has been collected before and after weed control. 

Standard: When monitoring is ongoing, the number of sample units shall be evaluated after analysing the first year’s data. Do this using the calculation in Appendix 11A p. 6.

	
	
	

	4. How many sample units continued…

For an explanation of sub-sampling patches, see Appendix 4A p. 8.
	
	Sampling within patches

When counting individuals within patches, the guidelines in Table 4.5 should be used to determine the total number of patches to sample within.

Table 4.5: Determining the number of patches to sub-sample, according to the size of the monitoring area

	
	
	Size of area
	Total number of patches to sub-sample

	
	
	Up to 5 ha
	10

	
	
	5–50 ha
	20

	
	
	51–100 ha
	30

	
	
	Greater than 100ha
	40

	
	
	Standard: If the area is divided into strata then at least four patches should be sampled within each stratum. 

When plots are used to sub-sample patches, there should be no more than five plots per patch.


	
	
	

	5. How far apart should sample units be? 

See Module 8 for the details of setting up plots and belt-transects.
	
	Standard: Sample units should be spaced as far apart as possible so that the required number are spread systematically throughout the monitoring area (see Figure 4.1 on p. 4 for an example and see Table 4.6 for minimum distances between plots).
Standard: Belt-transects should be at least 50 m apart.

Standard: The distance between sample units should be kept consistent within each stratum. 

	
	
	Table 4.6: Minimum distances between plots according to plot size

	
	
	Plot size
	Minimum distance between plots
	

	
	
	1 m2
	10 m
	

	
	
	25 m2
	50 m
	

	
	
	100 m2
	200 m
	

	
	
	Sampling within patches

Standard: Patches should be randomly selected from throughout the area or stratum and not be the first patches encountered.

This should be done by dividing the number of patches (that need to be sub-sampled) by the number of belt-transects needed. For example, when 20 patches need to be sub-sampled along the 10 belt-transects required for a 50 ha reserve, two patches per belt-transect should be chosen.

When sampling within a patch, plots are likely to be close together. This is satisfactory as long as plots are placed in a random manner and they do not overlap (see Appendix 4A p. 8).


	Definitions of terms used in this module

See Appendix 4A for the concepts and principles involved in collecting data


	
	Stratification

If there are ecological differences between parts of a monitoring area then the area can be divided (stratified) into strata on the basis of these differences. Data from each stratum are collected and analysed separately. For example, a particular plant species might be present at high density in the gullies, but at low density on the exposed ridges. It makes little sense in combining data from these two habitats when they are fundamentally different.

Infestation

A discrete occurrence of the weed species. It may consist of an individual, clump or patch of the weed species. 

Sampling

Sampling involves measuring individuals within a subset of the population in order to get an idea of what is going on in the entire population. 

Sample unit

A set sized area marked out for the purpose of measuring vegetation. In this SOP, plots and belt-transects are the sample unit. 

Transect

In this SOP, a transect is a measuring tape run across a monitoring area on a set compass bearing for the purpose of locating sample units at regular intervals.

Belt-transect

Belt-transects are long narrow plots. Measuring them involves sampling individuals for a set width on either side of a transect for a set distance.  

Sub-sampling

· This type of sampling is particular to the situation where weeds occur in discrete patches throughout a large area. 

· Patches will be located from the ground along randomly located belt-transects. 

· A random sample of patches is then drawn. 

· Each selected patch is marked and all individuals within the patch are counted, or plots are placed at random points within the patch to count individuals.


	Appendix 4A:
	
	Concepts and Principles of Collecting Data 

	Introduction


	
	· Statistics provides methods for making generalisations about an entire population by summarising and describing data collected from a sample of that population.

· This appendix outlines the statistical principles for monitoring. It is important to understand these statistical principles if you are to collect information about the effects of weed control in an objective way. For more details on statistics see the listed books.
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	Collecting data 
	
	· It is generally not practical to cover every square metre of an area or count every individual of a weed or native plant population. Therefore a sample of the population is taken. 

· It is important to collect samples in such a way so that you can make conclusions about the whole population. This often depends on the number of sample units (e.g. plots) that are established. The more sample units you have, the more representative your sample is likely to be. 

	What is a census?
	
	The concept of sampling is best understood by comparing it to a census. 

· A census involves counting and/or measuring all individuals within a population. For weed control monitoring, marking and mapping all known infestations is equivalent to a census.

· A census can be very costly, especially when populations are large or individual measurements are time consuming. 

· However, when the number of weed infestations is relatively low and they can all be confidently located, then a census is the simplest and most accurate form of monitoring.

· A census is only as good as your confidence in having located individuals. To claim you are completing a census you must periodically search every square metre of the defined monitoring area.  

	What is sampling?
	
	· Sampling involves measuring individuals within a subset of the population in order to get an idea of what is going on in the entire population. 

· The measures derived from a sample are called statistics. For example, the average density of Spanish heath plants in 10 plots is the statistic used to estimate the average density of the entire Spanish heath population in the defined monitoring area. 

· A disadvantage of sampling is that it involves estimating. Unlike information from a census, all estimates include some amount of sampling error. 

	What are the sources of error? 


	
	Sampling error:
· arises because a sample of a population does not contain complete information on that population, and so different samples produce different population estimates 

· can be minimised through selection of a good monitoring method and a large enough number of sample units (see topic for using enough plots, on p. 10 of this appendix).

Measurement error:

· may occur during the data collection process (for a census or sampling) 

· is minimised through well-designed monitoring methods and by ensuring data are collected in a consistent manner. 



	
	
	Examples of measurement error 

· Overlooking small-stature plants when counting species within a plot.

· Writing a measurement in the wrong column of a field sheet or transposing numbers called out. 

· Use of coarse measurement scales, e.g. broad cover classes. 

· Incorrectly relocating a plot so that it does not cover the same area as previously. 

	
	
	


	What are the types of error? 
	
	The main types of error are bias and imprecision. These are described next.



	Bias
	
	· Bias is a consistent tendency to overestimate or underestimate a measure, such as percentage cover of a weed species. 

· A common form of bias happens when people state that they will take measurements from randomly placed plots, but then do not actually set up plots using a truly random procedure. They may take a ‘convenience’ sample, i.e. only sample those areas that are readily accessible, and therefore produce a biased estimate of the true measure.

· When a source of bias is suspected, it should be acknowledged and considered when interpreting the results.
 

· If bias remains consistent through time, the real trends of relative abundance can still be detected. For example, if one observer is used over several monitoring periods and they overestimate the percentage cover of a weed, this bias will be consistent if the same observer is used over time. In contrast, if different observers are used, some may overestimate and others may underestimate the true cover value. Thus, the bias is inconsistent and the true change in cover may be obscured. 

· Therefore, it is important to identify observer bias and as far as possible ensure that the way vegetation is measured is independent of the individual carrying out the sampling. One way to eliminate sampling error bias is to draw a random sample (see p. 6 of this Module). 

	
	
	

	
	
	Example of conscious bias

It is a bitterly cold and rainy day and the task is to identify and count all plant species within 1 m x 1 m quadrats in randomly located weed patches. A quadrat located by random co-ordinates ends up in an area dense with individuals. The field worker nudges the quadrat so that it now covers an area with fewer individuals. As a result the sample is biased as it may have fewer individuals on average than actually occur in patches.  

	
	
	

	Imprecision


	
	· The second type of error is termed imprecision. 

· Precision is the repeatability of an estimate.
 The less repeatable an estimate is, the less certainty we have about that estimate. An imprecise estimate is an uncertain estimate. 

· Precision relates directly to the variation between replicates and is reduced by a larger sample size.

	Diagram illustrating the concepts of accuracy and precision 
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Source: http://www.scimedia.com/chem-ed/data/acc-prec.htm

	
	
	

	
	
	Example of precision

A person draws two independent samples from a weed population. The person then estimates the average weed density separately for each sample. If these two estimates of the average density of the population differ by 5%, then that sampling design is more precise (i.e., the estimates are more repeatable) than another sampling design that produced two estimates of the average density that differed by 65%.

	
	
	


	What is involved in taking a representative sample?
	
	· A good sampling design ensures that the estimates from a sample are representative of the entire population. 

· For result monitoring, the variation in weed density influences whether a sample is representative. Plots or belt-transects need to be adequately spaced and of an adequate number to capture the range of density.

· It is not good enough to just set up sample units in areas that you believe are representative of the areas where the species occurs. Sample units need to be located in a random-systematic manner. You can then calculate how representative data are of the control achieved throughout the area (see topic on confidence intervals in Appendix 11A). 

	What is random sampling?
	
	· Random sampling is where every individual of the population in the monitoring area has an equal chance of being selected. 

· If the sample is collected in a random fashion, it is likely to be free of bias and the estimates calculated from it are more likely to represent the values for the entire population
. 

· With random sampling, you can make generalisations about the population using the information from the sample. If you do not sample in a genuine random manner, then there is always a risk that your estimates will not represent the population.  

· Subjective sampling (no matter how carefully considered) is bias-prone and can produce misinformation about the total population and misguide management.

	
	
	Example of biased sampling

A fieldworker aims to determine the effectiveness of a control operation for Cotoneaster simonsii within a reserve. The vegetation is scrubby, access is difficult and the time for monitoring is minimal. The fieldworker only runs transects in the more accessible areas close to walking tracks. Unknown to them the contractor has also not ventured into the difficult access areas. In this way, the fieldworker does not get a true picture (i.e. a representative estimate) of the effectiveness of control. 

	How do you take a random sample? 
	
	There are several methods for ensuring your sample is collected randomly.

	Classic random sampling
	
	This method requires a map with gridlines of the monitoring area. Each plot is then located by randomly selecting x and y co-ordinates from those available within the monitoring area. 

However, this classic random sampling raises three key issues. 

1. Weed populations are often distributed in a patchy manner. An accurate estimate of weed abundance will not necessarily happen with the random placement of plots according to map gridlines. With such placement it is possible that all plots may occur within infestations (thus overestimating density/cover) or outside infestations (thus underestimating density/cover). The totally random placement of sample units does not ensure that data are collected from throughout the monitoring area.

2. As the placement of each sampling point is unrelated it means large parts of the monitoring area will be walked through without sampling. This may be inefficient sampling. 

3. Plots are likely to be isolated and therefore relocating them may be difficult and require considerable resources.

As a result of these problems, classic random sampling is rarely used in practice. This SOP does not recommend the use of classic random sampling. There are several methods of refining classic random sampling so it is more practical, see methods on p. 8 of this Appendix.

	Random-systematic sampling

There are more sampling designs that can be used. However, these complex designs require more complex analysis; therefore guidance from a statistician is necessary.


	
	· This involves systematically setting up sample units (plots or belt-transects) along transects that extend from one side of the monitoring area to the other. The first transect is started at a randomly determined point on the monitoring area boundary and directed along a randomly generated compass. All subsequent transects are parallel and are run at a fixed distance from the previous transect so that the sampling units are set up throughout the area.

· The first sample unit along each transect is placed at a random distance from the edge of the monitoring area and subsequent sample units are regularly spaced. 

· Transects should follow any obvious environmental gradient (see Module 4 p. 5). For example, if the area varies in altitude, transects should run with the change in altitude, rather than along the contour. This way the sample units capture as much natural variation in weed density as possible.

Two-stage random-systematic sampling

· This type of sampling is particular to the situation where weeds occur in discrete patches throughout a large area. 

· Patches should be located from the ground along belt-transects. They may also be identified from the air and their location recorded on a map and by GPS. 

· At set intervals along each belt-transect a patch is then selected for further monitoring. 

· Within each patch selected:

· all individuals are counted, or

· plots are placed at random points to count individuals.

	
	
	

	
	
	Example: sampling patches of Senecio glastifolius

· The reason for monitoring is to quantify how the spraying of S. glastofolius changes the average number of 1) live patches per belt-transect 2) live individuals per patch.

· Using random-systematic belt-transects throughout the area sprayed, field staff count and measure the length and width of patches. 

· At set intervals along each belt-transect they select and mark a patch to sample within.

· They use measuring tapes along the length and width of the patch as axes to randomly locate plots. The first random number defines the distance along the length of the patch and the second the distance along the width where the plot will be located.

· They mark each plot with a tall numbered peg and count (and measure the height of) all individuals within a 0.56 m radius.

	Why divide the area into strata?
	
	· Dividing the monitoring area into strata that are different in terms of physical and biological factors is termed stratification.

· For example, a particular species might be present at high densities in the gullies, but absent on the exposed ridges. It makes little sense in combining data from these two habitats when they are fundamentally different.

· Stratification is best done on the basis of the ecological differences in the area and not solely because of differences in weed density. 

Stratification can help you with your monitoring in two ways:

1. If the area contains distinct vegetation types within the larger monitoring area, separating these allows you to make separate conclusions about the effectiveness of weed control.

2. Stratification aims to produce strata where the density of a weed species is similar. This means that the variation of density in each stratum will be less than the variation throughout the area. Therefore, it will be easier to distinguish the change in the population over time as the variation over space is less likely to cloud your data. This means you can be more confident about the results achieved. 

· You can also stratify your data once they have been collected in order to reduce variation. Do this by grouping data on the basis of high and low weed density and analysing these groups separately.
· However, stratification after data collection is less desirable than an ecologically based stratification before data collection.

	The number of plots
	
	The number of plots needed to get a representative sample of the monitoring area depends on the:

1. variability in the weed density (or variability in the change in weed density), i.e. is the weed distributed relatively evenly (small variance) or is it patchy (large variance)? See Appendix 11A p. 3, to calculate the variability of your estimates.
2. level of precision required (statistical sensitivity), i.e. do you want to know the change in density to ±10% or ±20%? The greater the precision required the more plots you need to establish: i.e. if you want to double the precision from say 20% to 10%, you need to quadruple the number of plots.

See Appendix 11A p.6, to evaluate the number of plots used.

	What are the measures for vegetation?
	
	See table on p. 11 of this appendix for definitions of measures. 

	
	
	Using size classes in the field

· You should measure exact height or other variables for the individuals of interest in your plots or belt-transects and then classify these into size/age classes during analysis. 

· The use of size/age classes in the field simplifies data collection so that size/age/reproductive data can be gathered without having to measure these characters specifically. However, it means that less robust data are collected.

· There are several existing size/age class standards (see examples in the table on p. 12). If you find these size/age class standards do not meet your needs then you should create your own standards. All possible sizes for the particular species should be covered by your size classes. You should record the standards used so that the measures are repeatable.

	
	
	

	Measures
	Definition
	Notes

	Presence/ absence
	Whether a species is present in the plot (dead and/or live).
	Put individuals into size/age classes to understand whether the population has adults that are seeding or seedlings that are regenerating from the seedbank.

	Density
	The number of individuals (dead and/or live) of a species in a given area e.g. within a 5m x 5m plot.
	· Density measures may overemphasise the extent of a weed problem if individuals are not put into age/size classes. E.g. the number of individuals in a plot may be the same two years after weed control, yet they may now all be seedlings rather than adults.

· Density should not be used when:

· monitoring species that do not have distinguishable individuals

· individuals are densely intermingled

· it is too time consuming to count individuals.

	Percentage cover
	Surface area covered by the species, measured as a percentage of a defined area e.g. within a 5 m x 5 m plot.
	This is the best measure for when it is impossible to count individuals. Make the distinction between adults and juveniles, e.g. a cover value may remain the same after control but what were initially a few adult plants may now be a large number of juveniles.

	Size
	Absolute surface area covered by the species (dead and/or live). 

This may be calculated as the area of an ellipse (pi x l x w ∕ 4) based on the longest axis through the clump (l) and the shortest axis perpendicular to this (w)
 or an area of a circle (pi x r2).
	

	Condition 
	The health of individuals or patches, noting particularly whether individuals or patches are dead. 
	This is especially important for woody species (e.g. boxthorn) or other species for which it will not be immediately obvious whether they are dead or not.   Look for signs of re-sprouting and for woody species carry out:

· visual assessments of defoliation

· cambium scrapes of tree trunks or stems.


	
	
	

	Examples of size class standards
	
	Community type
	Size classes used
	Reference

	
	
	Forest
	Standard 20 m x 20 m plots

Trees >3 cm dbh

Saplings greater than 1.35 m in height and< 3 cm dbh

Seedlings note the presence of seedlings less than 15 cm, then record seedlings in the following size classes 15-45 cm, 45-75 cm, 76-105 cm, 106-135 cm.
	Allen 1993


	
	
	
	trees >10cm dbh

poles 5-10cm dbh, 

saplings >100 cm in height to 5 cm dbh

established seedlings 30-100 cm height

seedlings <30 cm height
	Ogden and Buddenhagen 1994


	
	
	Forest-shrubland
	Relevé

Trees >5 m in height

Shrubs 50 cm-5 m

Herb layer <50 cm (but can be divided further into classes 30 cm - 50 cm and 10 cm - 30 cm.

Moss and lichen layer usually less than 10 cm
	Mueller-Dombois & Ellenberg 1974


	
	
	Grassland
	2 - 5 m

1 - 2 m 

0.3 - 1 m

0.1 - 0.3 m

<0.1 m
	Wiser & Rose 1997



	Module 5:
	
	A Method for Outcome Monitoring 

	Introduction


	
	This module provides a procedure for designing an experimental method to:

· measure change in vegetation over time in relation to weed control

· compare changes in areas where weed control occurred to changes in areas where it did not occur

· determine whether the changes in the vegetation brought about by weed control are going to produce the conservation outcomes defined in the programme’s work plan. 

Accountability: The Area Manager is accountable for ensuring that the outcome monitoring method is designed in accordance with the standards in this SOP to meet the requirements of the particular weed control programme.

Responsibility for designing the outcome monitoring methods for weed control programmes: Either: 

· The Weed Programme Manager in the Area Office with support from the Conservancy Technical Support Officer (Weeds). 

· The Conservancy Technical Support Unit.
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	The three experimental design options
	
	1. Monitoring within one site by:

a. setting up plot sized experimental units before control, throughout the site where the weed is dense 

b. randomly allocating which plots are treatments and which are experimental controls 

c. measuring the vegetation within all plots before control and at set times following control.

2. Monitoring within one large site or several sites by:

a. subdividing the sites into block sized experimental units 

b. pairing blocks (when they have similar vegetation composition) and then randomly allocating whether a block receives treatment or is an experimental control

c. before control, setting up plots throughout the treatment and experimental control blocks where the weed is dense

d. measuring the vegetation within all plots before control and at set times following control.

3. Monitoring control throughout several sites by: 

a. choosing a set number of similar sites for experimental units that have the weed species at an adequate density

b. pairing sites (when they have similar vegetation composition) and then for each pair randomly allocating which of the pair receives treatment and which is an experimental control

c. before control, setting up plots throughout sites, where the weed is dense 

d. measuring the vegetation within all plots before control and at set times following control.

	Choosing an experimental design option

i.e. deciding on the best sized experimental unit 
	
	Choose the most appropriate scale for the experimental unit (i.e. plot, block, or site) by considering the characteristics of the site and species that you plan to monitor. The best option depends on a combination of the following factors:

· whether the weed occurs throughout a large enough part of a site at an adequate density 

· whether you are willing to leave uncontrolled plot sized areas throughout a site, or whether you would prefer to set up large blocks as treatment or experimental control areas, or whether it is best to leave entire sites uncontrolled

· whether the weed species occurs over many sites
· whether you wish to generalise the results widely, e.g. make conclusions about the response of rushland/sedgeland vegetation to the control of pampas

· whether you wish to restrict the applicability of results to a particular site, e.g. examine the response of vegetation on Stephens Island to the removal of wandering Willie (Tradescantia fluminensis).

If none of the options are suitable for the particular weed control programme, then it is not possible to set up an experimental method to rigorously determine the response of the vegetation to the weed control programme. 

	A robust experimental design

If you plan to monitor the response of a rare or threatened plant to weed control, then a Species Recovery Plan or Recovery Group may define the method. Use this SOP to ensure the method is scientifically robust.
	
	Environmental parameters, such as native species abundance, vary naturally through time and among spatial locations. Through a robust experimental design you can confidently distinguish between:

· the changes in the composition and structure of vegetation that are a response to the control of the weed, and the

· variation in vegetation that occurs through time and among spatial locations in the absence of weed control.

The essential requirements of a robust experimental design are scientific controls and randomised, replicated and representative experimental units. This SOP provides one basic experimental design that can be slightly modified according to characteristics of each site-led programme being monitored. 

Standard: The experimental design shall include experimental controls (i.e. areas where the weed population is not controlled) and there shall be an equal amount of experimental controls and treatments (i.e. weed population controlled using a particular method).

Standard: The vegetation shall be monitored where the weed is initially dense so that a response to control is more likely to be detected. This involves defining the monitoring area and locating plots so that they include the weed at high density.

Standard: A random method shall be used to determine whether an experimental unit (e.g. a plot, block or site) will be a treatment or an experimental control.

Standard: Experimental units should cover the range of vegetation types present within the site where the weed population occurs. When experimental units are similar in terms of weed density and species composition, they should be paired before the treatments and experimental controls are randomly allocated.

Standard: Vegetation in the treatment and experimental control units shall be measured in plots before weed control occurs and at regular intervals after control, so that change over time is measured.

Standard: Transects shall be used to locate plots. The location of the first transect shall be randomly determined. Subsequent transects shall be distributed at regular intervals from the first transect. This should ensure that plots are spread throughout the monitoring area. 

	Deciding what to measure 
	
	Standard: The programme’s control and monitoring objectives should be examined to determine how to measure the response of the vegetation to weed control. 

If you are interested in the impact that weed control has on a particular plant species, you should still measure change in the other species of the plant community. This is because changes in these species may affect the species of interest, e.g. removing the weed may increase the density of another weed that is then more competitive than the species of interest. Changes in these species may also be more important than anticipated. It is not until you have robustly measured the response of the vegetation to control, that you can confidently evaluate the validity of outcome targets set.

You will generally be interested in measuring the:

· number and abundance (i.e. density or percentage cover) of species (native and weedy) present and regenerating (i.e. recruitment)

· condition and survival of individuals

· growth of individuals.

If you plan to measure the response of a threatened or rare plant to weed control, then the experiment should be focused on areas where this plant and the weed occur together. You should combine the approach described in this SOP with monitoring methods developed for the threatened/rare plant species.  

	Assigning treatments and experimental controls

Random allocation of the replicates reduces the likelihood of potential confounding effects biasing the comparisons between treatments and controls. 
	
	Treatments and experimental controls should be allocated by:

· pairing experimental units (i.e. plots, blocks or sites) that are similar in terms of weed density and native species present, then

· randomly designate one as a treatment and one as an experimental control. 

The aim is to minimise the importance of other factors that may explain any differences measured between the treatment and the experimental control. If experimental units cannot be paired then it is especially important that they are selected (for sites and blocks) or laid out (for plots) to cover the range of vegetation types over which control of the weed occurs.

1. For plot sized experimental units:

· treatments and experimental controls should be paired, if both plots can be set up in close vicinity to contain similar densities of the weed and have similar native vegetation AND if the effects of the control method on the experimental control plot can be excluded by a small buffer area, OR

· if the effects of the control method cannot be easily excluded from experimental control plots AND the weed population is patchy, then plots should not be paired.
2. For block sized experimental units:

· Treatments and experimental controls should be randomly assigned to the blocks. 

· Blocks should be paired, if they contain similar densities of the weed and have similar native vegetation. After pairing, one block is randomly designated as the treatment or the experimental control and the other block is the opposite.
3. For site sized experimental units:

· Treatments and experimental controls should be randomly assigned to the sites. 

· If control has been planned for some sites and not others, then it is not practical to randomly assign treatments and experimental controls. In these cases, it is especially important to ensure that the sites that are controlled are not fundamentally different to the sites that are not controlled.

	Number of replicates 
	
	Standard: A single experimental control and treatment shall NOT be used. 

For example:  

· monitoring one 80 m2 area within the site that has been left uncontrolled and monitoring within the remainder of the site that was controlled for the weed

· monitoring one site that has been controlled for the weed and monitoring another site where the weed has been left uncontrolled.

These experiments are not replicated and this is not overcome by having many plots in each of the uncontrolled and controlled areas.

Standard: The experiment shall be sufficiently replicated. 

Table 5.1: Determining the number of replicates

	
	
	If the experimental units are…
	Then there shall be …

	
	
	plot sized areas within a site…


	an equal number of treatment and experimental control plots, which shall be defined according to the size of the monitoring area (see Table 5.3 on p. 8). 

	
	
	blocks within one or several sites…
	three blocks per treatment and an equal number of experimental control blocks, e.g. when monitoring one type of control method, 6 blocks are monitored (3 are treatments and 3 are experimental controls)


	
	
	entire sites…
	four sites per treatment and an equal number of experimental control sites, e.g. when monitoring one type of control method, 8 sites are monitored (4 are treatments and 4 are experimental controls)


	Shape and size of plots 
	
	Plot shape

A circle is the ideal shape for a plot as there is less edge. With less edge, fewer decisions need to be made about whether an individual is in the plot or not.
 However, if you need to estimate the percentage cover of species, the plot needs to have clearly defined edges. Therefore, it is best to use a quadrat (a four-sided plot). 

Standard: The shape of the monitoring plot shall be kept constant within each weed control programme monitored.

Plot size

Standard: The monitoring plot should be approximately 20 times the size of a mature individual of the species to be measured

Standard: When setting up plot sized experimental units, buffers shall be established around the plots designated as experimental controls, to define the area that will not be controlled. 

Standard: The distance between the edges of the experimental control plot and the buffer (that demarcates the uncontrolled area) shall be at least 5 m or at least twice the height of the target weed species, whatever is larger. E.g. for a 5 m x 5 m monitoring plot the buffer will be at least 15 m by 15 m.

Standard: When plots are paired, the distance between the buffer of an experimental control plot and the edge of a treatment plot shall be at least 5 m or at least twice the height of the target weed species, whatever is larger.


	Table 5.2: Determining plot size
	
	Growth form of the largest species you will be monitoring
	Size of plots
	Square edges
	Circular radius

	
	
	Trees
	100 m2
	10 m x 10 m
	5.64 m

	
	
	Shrubs or herbaceous species over 1 m tall 
	25 m2
	5 m x 5 m
	2.82 m

	
	
	Herbaceous species
	1 m2
	1 m x 1 m
	0.56 m

	Number of plots An adequate number of plots are needed to ensure that the environmental variation present at a site is included in the experiment and therefore that data collected are representative of the site’s vegetation.
	
	Standard: The number of plots per experimental unit shall be determined according to Table 5.3. 

Table 5.3: Determining the number of plots per experimental unit for the different types of experimental units according to of the size of the monitoring area 

	
	
	Size of area with dense weeds
	Number of plots per expt unit when expt. units are unpaired plots
	Number of plots per expt unit when expt. units are paired plots 
	Number of plots per expt unit when expt. units are blocks
 
	Number of plots per expt unit when expt. units are sites

	
	
	6-10 ha
	15
	10
	5
	5

	
	
	11-50 ha
	20
	15
	10
	10

	
	
	51-100 ha
	25
	20
	15


	15



	
	
	>100 ha
	30
	25
	20
	20

	
	
	

	Distance between plots
	
	Standard: Plots shall be far enough apart to ensure that they are dispersed throughout the monitoring area.

Standard: The minimum distance between plots
 (excluding the distance between plot pairs) should be approximately 10 times the length of the plot diameter (but see special case for small plots in Table 5.4).
When the site is small, then these minimum distances may be reduced in order to set up an adequate number of plots. If this is the case when plots are the experimental unit, ensure that the treatment and experimental control plots are still adequately spaced so that they are independent. 

Table 5.4: Influence of plot size on the minimum distance required from the edge of treated experimental units to a plot

	
	
	Quadrat size
	Circular plot size (radius)
	Minimum distance to another plot

	
	
	1 m x 1 m
	0.56 m 
	30 m

	
	
	5 m x 5 m
	2.82 m
	50 m

	
	
	10 m x 10 m
	5.64 m
	100 m

	Definitions
	
	Monitoring area 

The area/s within the site/s where the weed population is at a high enough density for the experimental method to be set up in a rigorous manner.

A treatment

· The type of method used to control the weed. 

· Describes the experimental unit in which the treatment occurs, e.g. treatment plot, treatment site.

· The conservation outcomes of several treatments may be monitored.

Experimental unit

A defined area over which a treatment or experimental control is set up. Experimental units may either be small plot sized areas within a site, blocks within a site, or entire sites.

Experimental controls

· The term control has several meanings associated with it, including in a weed management context the removal of a weed. To minimise confusion an “experimental control” in this SOP means an experimental unit in which the weed is left uncontrolled and with which treated experimental units (i.e. controlled for the weed) can be compared. 

· Experimental controls are required because the structure and composition of vegetation changes with time, and this change needs to be isolated from that brought about by controlling the weed population.

Replicates

A replicate comprises one treated experimental unit (e.g. a plot, controlled for the weed) AND one experimental control unit (e.g. a plot in which the weed is not controlled). Experiments shall be sufficiently replicated (see p. 6)

Adequate replication ensures that data:

· will not be strongly influenced by the characteristics of a particular part of the site, i.e. it ensures that the physical and biological variation present in the monitoring area is sampled adequately so that it does not mask changes due to weed control

· are more likely to be representative of changes that truly occur

· satisfy the assumptions of standard statistical tests.


	Module 6:
	
	Organising Fieldwork and Data Management

	Introduction
	
	Modules 4 and 5 provided the procedures for designing data collection methods for result and outcome monitoring. This module outlines standards for fieldwork preparation and for organising collected data.

Accountability: The Area Manager is accountable for ensuring that fieldwork and data management are organised in accordance with the standards in this SOP.

Responsibility for organising fieldwork and data management: Either:
· The Weed Programme Manager in the Area Office with support from the Conservancy Technical Support Officer (Weeds) 

· The Conservancy Technical Support Unit.
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	Recording methods 
	
	Standard: The data collection method shall be recorded in the monitoring specifications of the work plan. 

· Record all the information necessary so that someone unfamiliar with the site/species could repeat the monitoring. They need to be able to follow your instructions so that further monitoring follows the same procedures. Include explanations on why particular methods were chosen.

· By recording monitoring methods, monitoring is more likely to be carried out consistently over time and between staff. 

For result monitoring

· Record the type of method that you have decided to use, i.e. marking and mapping; sampling in plots; sampling in belt-transects; photopoints.

· For plots/belt-transects record the:

· number

· size and shape

· distance between them

· Record how the weed will be measured at each infestation, plot or belt-transect, e.g. number of individuals of the weed counted in plots and seedlings and adults distinguished.

· Describe the marking system you will use, e.g. wooden posts for transect start point, cruise tape along transect electric fence standards for plots).
· If you plan to stratify the monitoring area, then record how this will be done on a map or aerial photo of the monitoring area. 
For outcome monitoring

· Record the experimental design option for each programme selected. This involves determining the size of the experimental units, given the characteristics of site-led programme selected for outcome monitoring. There are three options:

1. plot sized areas throughout one site 

2. blocks within a site or several sites
3. entire sites. 

	Recording methods continued


	
	For outcome monitoring continued…

· If the sites monitored are from more than one Area or Conservancy then record the Area or Conservancy next to the name of each site.

· Record how you will measure the vegetation 
· Record how treatments and experimental controls will be assigned and how many replicates are required. 
· Record the details of the monitoring plots: 

· size and shape of the plots given the growth form and size of the weed and the native species. 
· number of plots that are needed given the size of the monitoring area and the type of design. 

· size of the buffer that will be left uncontrolled around plots that are not controlled for the weed. This buffer ensures the control 

· Record the system for marking. Describe the marking system you will use, e.g. metal pegs to designate the centre of the circular plots that will be measured and electric fence standards to demarcate buffer areas to be left uncontrolled around these plots.


	Useful field equipment
	
	The following equipment should be taken into the field:

· NZMS 260 topographic map and aerial photo

· GPS unit 

· recording sheets (print some on waterproof paper)

· random number table (see Appendix 6) or a calculator (to generate random numbers) 

· a coin (to flip when a choice is required)

· pencils, permanent marker pens

· field guide to the plants in the area

· plastic bags for plant specimens

· compass

· binoculars

· camera and film

· tape measures (100 m) or hip chain 

· pole (for defining the width of belt-transects (e.g. old tent pole)

· marker posts, e.g. galvanised warratahs or electric fence standards)

· cut fence wire (for marker pegs)

· plastic or metal markers (“permolat”)

· measured cord (for defining circular plots)

· cruise tape 

· nails (flathead, galvanised)

· hammer/mallet

· safety and communication equipment.


	Designing recording sheets

See example of a recording sheet in Appendix 6.

Remember that you may not be the next person to collect the monitoring data. Therefore, you should record information in a way that enables monitoring to be repeated by anyone.


	
	Standard: Recording sheets shall be designed and used for recording the:

· location of transects, plots, belt-transects, marked infestations, and the details of the markers so that they are easily found again. For example, record compass bearings, distance between plots, belt-transects or marked infestations and bearings and distances to permanent site characteristics. 

· counts and measures taken at each sample unit or marked infestation. 

Standard: Recording sheets should:

· be easy to use in the field, e.g. one page size. 

· direct field staff through all of the steps necessary to complete data collection

· include space for:

· name of the weed control programme and the site/locality

· name(s) of field staff

· the date

· the time of day

· infestation, or transect and plot/belt-transect and patch details (e.g. location, length and bearing, identification number)

· field notes

· be simple so data can be easily transferred to the computer for analysis.
Standard: For photopoints, all relevant details shall be recorded onto a recording sheet designed for this purpose. This is essential for the re-measurement of photopoints. 

Standard: The location of permanent transects, plots, belt-transects or marked infestations should be drawn on a map that has the monitoring area and strata marked on it. Compass bearings to transects or distance of marked infestations from landmarks should also be recorded on the map.

Standard: For each separate monitoring period, measures should be recorded on an unused recording sheet (not sheets with previous measurement data recorded on them). 


	Frequency and timing

	
	For result monitoring 

Plan and record a start date and a review date for result monitoring. Define the frequency and timing of data collection, i.e. whether you will monitor before and after control in any year and how many years you will monitor. Plan for an end date, if this is feasible.

Standard: The frequency and timing of result monitoring shall be determined according to the monitoring objectives.  

	
	
	Background

· There are advantages and disadvantages of doing result monitoring before control. 

· By monitoring before control you will get a measure of the weed abundance that you started with. You will also have a baseline for the condition of non-targets. 
· If you don’t monitor before, you cannot quantify the reduction in the weed. You can only present the abundance of the weed at the point in time measured. 
· However, there are scenarios when it is not possible to monitor before control and others where, for the information gained, it is not worth the time investment..

	
	
	Standard: Monitoring shall be undertaken throughout the life of a weed control programme (at regular intervals appropriate to the weed species and to the frequency of control). 

Result monitoring should not only be carried out to provide data on the effectiveness of control in any one-year. It should be done over several years to evaluate whether control:
· is progressively reducing the weed population or maintaining it at an acceptable level (for site-led programmes)

· will achieve the eradication or containment objective within 5-10 years (for weed-led programmes).
Standard: Monitoring should be done at a time that enables any necessary follow-up work to be carried out in the same financial year.

Standard: Monitoring should be done after the control method has had time to take effect.

Standard: If you need to monitor before the herbicide has taken full effect (e.g. when contractors are used), then you should re-monitor prior to control in the following year to determine the true effectiveness of control.


	Frequency and timing continued…

	
	For result monitoring continued…
Background:

· Dye should be used in the sprays so that monitoring can evaluate whether the spray was applied correctly over the area required. This enables contractors and the need for follow-up control to be assessed.

· When control methods are quick acting, monitoring carried out soon after control evaluates the need for follow-up control or a change in the control method, by providing information on:

· the control coverage achieved 

· whether application of the herbicide was inadequate

· whether the herbicide was ineffective. 

· When control methods are slow acting, monitoring should also be done a longer time after control to provide information on herbicide effectiveness.
For outcome monitoring

Plan and record a start date and a review date for outcome monitoring. Define the frequency (in months/years) of data collection. Plan for an end date, if this is feasible.
The frequency and timing of monitoring depend on:

· the timing of control 

· how long it takes for the control method to take effect 

· the frequency and timing of control

· the response time of the native vegetation, i.e. recruitment and growth.

Standard: Outcome monitoring shall be undertaken before and after weed control occurs so that change over time is measured.

Standard: Outcome monitoring data should be collected at equally spaced intervals throughout the life of the weed control programme (at times appropriate to the weed and native plant species and to the frequency of control).


	Standards for data collection and recording

The careful execution of monitoring is as important as its design. It is essential that staff carrying out monitoring do not introduce bias and that the possibility of measurement error is minimised
 


	
	Standard: The persons who do the fieldwork for monitoring should be different to the persons who carry out the weed control.

· Before undertaking fieldwork, field staff shall be trained in the use of the monitoring method/s.

· Two person teams should undertake fieldwork. 

· Both persons should be able to use a compass. One person should act as the observer and the other as the recorder.

· The observer should be able to identify the target weed species quickly and accurately. They should also be able to identify the native plant species at the site or locality.

· When a species cannot be identified, a plant sample should be collected. For information on taking plant samples, see Appendix 6.2 of the SOP for Weed Surveillance.

· Only individuals rooted inside the sample unit or that are directly on the boundary should be recorded. Therefore, if an individual only overhangs the sample unit it should not be counted. 

· Record species by abbreviating their generic and specific names. This is generally done by recording the first three letters for the genus (in capitals) and the first three letters of the species (in lower case), e.g. COProb for Coprosma robusta. Codes shall be unique to each species.

· The observer should call out species, counts and measures clearly and loudly and the recorder should repeat what they heard before recording it. This should reduce recording errors.

· The recorder should help with cover and height measures.
· Recording sheets should be checked for errors (e.g. data recorded in the wrong place and entries that are difficult to read) throughout the day. Errors picked up early will make analysis  easier and more accurate.

· Entries should never be written over or erased. Instead, a line should be drawn through any mistakes. This will reduce the possibility of misreading data during data entry and analysis.

· Comments on measures taken and anything of interest should be recorded. The more information you have, the easier it will be to interpret the analysed data.

	Standards for organising collected data 
	
	Monitoring should be designed and undertaken with a clear understanding of how the information will be evaluated and used. This requires you to plan right through to the reporting stage to ensure that:

· field notes (e.g. transect and sample unit location descriptions) are written up

· data are stored to enable easy retrieval

· data are analysed and used to evaluate objectives

· reports are written on the progress and success of control and sent to relevant people

· information is used to enlighten future management.

	Checking recording sheets for completeness and  errors


	
	Standard: After fieldwork, the recording sheets and field notes shall be checked for completeness and errors.

· Ensure that explanations of transect and plot locations are complete and easy for someone who didn’t do the fieldwork to follow.

· Sometimes data on the recording sheets may be illegible or inaccurate. Remember that if data are recorded neatly and regularly checked while in the field, errors are less likely. 

· If data are obviously in error, e.g. 100 adult broom individuals recorded for a 5 m x 5 m plot rather than 10 individuals, then changes can sometimes be made. Alternatively, analysis can be done with this plot or belt-transect excluded from the data.

Standard: Changes to errors on the recording sheets shall only be made by the persons who collected the data or by anyone else after consulting with these persons.

Standard: When changes are made, they shall be recorded on the original recording sheets and file notes made about what was changed and how and why.

Standard: If any changes to planned methods are made in the field then these changes shall be recorded after data collection.
· Include explanations on why any changes to planned methods were made. This will enable others to understand the reasons for your decisions. For example, a Weed Programme Manager planned to use plots along transects in one stratum, however when not enough individuals of the weed population were being captured in plots they used belt-transects in this stratum instead.

	Entering data into the computer and checking this was done accurately 

	
	· Data should be entered into a spreadsheet, such as Excel. Include explanations of any shorthand or symbols used on the worksheets. 

· When weed patches have been measured, the lengths and widths or diameters of the patches need to be converted into square metres before being entered into the computer for analysis. Put lengths and widths into the formula for an ellipse (pi x l x w ∕ 4) and convert diameters to radii and put them into the formula for a circle (pi x r2). 

· The columns and rows of recording sheets should correspond to the columns and rows of a spreadsheet. This means data can be transferred simply into the computer.

· Sampling units (e.g. plots) shall be listed in one column so that data from separate sampling units are in separate rows, see Appendix 6 for an example of a spreadsheet..

· Each measure shall be listed in a separate column. 

· Data from different monitoring times shall be entered in a new column.

· When data are gathered using a portable data recorder, this data entry phase will involve downloading the data onto a spreadsheet in an office computer. 

Standard: Data shall be entered into the computer as soon as possible after fieldwork.

It takes less time and fewer errors are made when one person reads and the other enters the data.

Standard: Data entry should be done at one concentrated sitting. If this is not possible, you should not stop halfway through a column or recording sheet but rather at a logical place that is easy to begin from again. 

Immediately after completing data entry you should:

· print a copy of the spreadsheet

· check this against the recording sheets

· identify and correct any errors found. 

Standard: Data entry shall be checked to ensure that data are read from recording sheets and entered into the computer with 100% accuracy.

	Storing data 
	
	Standard: Data shall be safely stored and it such a manner that enables easy retrieval for any DOC staff.

Standard: The details of where and how data are stored shall be included in the specifications for monitoring. 

Standard: Computer files (e.g. Word and Excel) should be saved in the DME and given meaningful names and references, e.g. weed control monitoring Wairarapa Carter SR 1999.

· The person who checked the recording sheets, entered the data and checked for errors shall write their name, the date and the computer file name and DME number on the top of the original recording sheets and photocopy them. All further use of data should be from the computer.

· Two sets of “hard” data should be maintained for each monitoring programme: 

· the original recording sheets, maps and photos

· photocopies of the originals. 

· Safely store original recording sheets, maps and photos in a separate folder or file. Large ring-binders or box files are a useful way of keeping all original recording sheets, maps and photographs together. All photographs should be labelled with the name of the weed control programme, the date monitoring was done, photopoint number or transect and plot number. 

· Depending on the amount of information for each programme:

· store monitoring specifications, monitoring file notes, photocopies of recording sheets, maps and photos within existing weed programme files, or 

· establish one file for the monitoring data for all programmes. 

When a large amount of resources are invested in the monitoring of a weed control programme, two complete copies of the data should be stored at separate locations, e.g. in Area and Conservancy offices. Remember when data are stored at two locations, any changes shall be updated at both locations.

	Reporting on monitoring 

Analysis is covered in Module 11 for result monitoring and Module 12 for outcome monitoring.

Reporting for weed control programmes will be covered in more depth in other SOPs being developed for weed management.
	
	Think of reporting as an opportunity to demonstrate successful management and to identify problems, e.g. when current resource levels limit effective management.

Standard: The persons responsible for monitoring shall include details of monitoring activities planned, carried out or not completed in their Monthly Operating Review to the Area Manager.

Standard: An annual report on all weed control monitoring activities undertaken by the Area staff or by the Technical Support Unit at Conservancy shall be produced. It should be produced before business planning each year.

Standard: This annual report shall be used to review monitoring and control work and to help prioritise weed control and monitoring for following financial years.
Reports do not need to be lengthy, e.g. for each programme monitored, the annual report may be a two-page sheet. Their comprehensiveness will depend on the amount of resources invested in the control programme and in monitoring. 

Standard: Annual reports shall:

· Present the proportion of weed control programmes monitored and give reasons for programme selection.

· for each programme monitored:

· present the percentage of the weed control programme’s budget that was invested in monitoring

· outline the objectives of control (for both the weed and the anticipated conservation outcomes)

· outline the objectives of monitoring (result and/or outcome)

· summarise the data collection method used, and discuss any limitations of the monitoring

· describe how and where data are electronically stored and recording sheets physically stored

· describe how data were analysed

· present the results so that people can draw their own conclusions from the data

· evaluate the objectives for control and monitoring

· discuss implications for management and make recommendations.


	Module 7:
	
	Result Monitoring: Marking and Mapping Infestations 

	Introduction

See the standards for collecting and recording data in Module 6
	
	If the locations of weed infestations have been determined and mapped through an inventory or recent control work, data collection will simply involve the relocation, marking and measuring of these infestations. 

If you are uncertain of the location of all infestations, you shall search areas around and beyond the known infestations. The search method will depend on the how the species spreads.

Accountability: The Area Manager is accountable for ensuring that the marking and mapping method is carried out in accordance with the standards and guidelines in this SOP.

Responsibility for marking and mapping weed infestations to monitor the results of weed control: Either:

· The Weed Programme Manager in the Area Office with support from Conservancy Technical Support Officer (Weeds).

· The Conservancy Technical Support Unit.
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	How to mark, map and measure infestations
	
	1. Permanently mark and number all infestations, e.g. by hammering a numbered post into the ground.

2. Take photographs:

· of the approach to each infestation if this will make them easier to relocate 

· to get a visual record of weed density or cover. Take such photos from the marker post so they are always taken from the same position.

3. Record location details (e.g. bearings and distances to landmarks and tracks, type of terrain and vegetation) and include a grid reference.
4. Update maps produced from an inventory or draw the location of infestations on a topographical, detailed reserve map or an aerial photograph, using various permanent landmarks for reference. Where available and accurate, use the Global Positioning System (GPS) to record the location of weed infestations.
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Figure 7.1: Diagram showing how all infestations of a weed species in a relatively small reserve have been marked with numbered pegs and mapped.  

	
	
	

	Marking, mapping and measuring infestations continued…


	
	5. At each marked and mapped infestation, take and record the measures described in a and b below.
a. The number of individuals present or the size of the infestation. 
· When counting individuals, distinguish live and dead individuals and measure individuals so you can put them into defined size/age classes.
 For unhealthy looking individuals, estimate the percentage of live foliage. Describe or mark the location of unhealthy individuals so that they can be relocated for assessment following control.
· When estimating size:

· measure the length and width of the patches if they are oblong or their diameter if they are circular (calculate their size back in the office, see Module 11).

· if there are discrete parts of the patch that have dead foliage, then do another measure of just the live foliage. If there is dead foliage scattered throughout then estimate the percentage cover of live foliage.

· record the presence of different size/age groups.

b. Assess the condition of native species in the vicinity of marked infestations by counting the number of unhealthy or dead individuals or patches for each species (in particular those likely to be affected by the control method). For those individuals that look unhealthy estimate the percentage of live foliage. Describe, mark or map the location of unhealthy individuals, so that they can be relocated for assessment following control.

Note: 

If you don’t assess the condition of the weed species and the native species near the weed infestation before control, the number and extent of unhealthy plants due to control may be overestimated. 

	How to carry out wider searches
	
	If you do not know the location of all infestations in the monitoring area, it is not good enough to just mark the few you are familiar with in any one year and then just revisit them in subsequent years. By doing this you are not getting good information on the effectiveness of control or weed spread. You need to be confident that you have found all the infestations of the weed. 

Given the eradication and containment objectives of weed-led programmes, there should be no doubt about whether the weed occurs beyond known infestations. Data from monitoring needs to be especially reliable for weed-led programmes. 

Grid searches shall be carried out when there is a risk that all infestations have not been found or that new infestations will arise. They should be carried out:

· around known infestations

· in the buffer of a management unit, for site-led programmes

· at likely invasion points, for site-led programmes. 

The search method will depend on the how the species spreads.

· For species that do not spread far from their parent plant (and are known to be absent from the eradication or containment zone or areas around the site) a grid search shall be carried out around all the known infestations. 

· Search wider for species that are bird- or wind-dispersed or that spread along watercourses. Searching shall be systematic and continue until you are confident you have covered all the areas where the species may occur. 

	Re-measuring infestations 


	
	1. Relocate infestations by following the maps and the approach detailed on photocopies of the original descriptions. 

2. Check marker posts are still in place. 

3. Replicate initial photographs taken of the infestations to get a visual record of change. Take photographs from the infestation marker and in the same direction and with the same sized camera lens as the initial photographs.

4. At each marked infestation, re-measure and record all measures taken before control on a new sheet (not recording sheets with previous measurement data recorded on them). 

a. Re-assess the density or size of the weed infestation (see details in 5a on page 3).
b. Re-assess the condition of individuals or patches to determine whether individuals or patches are dead. This is especially important when using herbicides that take a longer time to work.
· For individuals and patches, estimate the percentage of live foliage. 
· For woody species that have been injected or sprayed with herbicide, assess whether the cambium is alive by scraping the stem at the base, breast height (1.4 m) and the highest point on the stem that you can safely reach. 

· Look for signs of re-sprouting.
c. Re-assess the condition of native species in the vicinity of marked infestations. 
· Record the species with unhealthy or dead individuals or clumps.

· Quantify the damage by counting the number of unhealthy or dead individuals or patches for each species. For those that look unhealthy estimate the percentage of live foliage. 

	What are the standards for this method?

See the standards for collecting and recording data in Module 6
	
	Standard: Infestations shall be permanently marked (e.g. with numbered pegs/posts) and their location mapped and described to enable relocation.

Standard: If re-invasion is likely to occur over the years the species is controlled, then in every alternate year
 monitoring shall include systematic searching of the area at risk, and not just the marked infestations.

	When is this method unsuitable?
	
	The usefulness of this method is limited when:

· there are many widely scattered infestations 

· you are unsure whether you can find or relocate all infestations

· the terrain or vegetation make location of all infestations impossible 

· maps or aerial photos of management units are not detailed enough to allow accurate mapping of infestations 

· GPS is too inaccurate to record the locations of infestations.

	Where to now?
	
	You are now ready to enter, analyse, store and use data to inform management. Go to Modules 11 and 12.


	Module 8:
	
	Result Monitoring: Fieldwork for Sampling 

	Introduction  

See the standards for collecting and recording data in Module 6
	
	This module outlines the steps for setting up plots and belt-transects to sample the weed population before and after weed control. 

Accountability: The Area Manager is accountable for ensuring that fieldwork for sampling is undertaken in accordance with the standards in this SOP.

Responsibility for carrying out fieldwork for sampling: Either:

· The Weed Programme Manager in the Area Office with support from Conservancy Technical Support Officer (Weeds).

· The Conservancy Technical Support Unit.
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	Sampling in plots along transects 

Note: you can also search the entire length of the transect for infestations of sparse species that need to be marked and mapped.


	
	How to distribute plots through the monitoring area

1. Go to a logical starting point on an edge of the defined monitoring area or stratum. Generate a random number between 0 and the distance needed between transects (see Module 4) to locate the start of your first transect. Record this distance.

2. Once at the measured distance, put in a marker and record the type of terrain and vegetation and any notable features, so the start of the transect can be relocated. Generate a random number to define the compass bearing that the transect will follow across the monitoring area. The range of numbers will need to be restricted if you are running the transect along an environmental gradient (see Figure 4.3 in Module 4). Record the compass bearing so that subsequent transects can run parallel to the first transect. If relocation is likely to be difficult, take photographs from the start point looking along the transect and include landmarks. 
3. Before running the transect, generate another random number between 1 and the distance required between plots (decided in Module 4). Record this distance.

4. Once at this distance mark and measure the plot. For the details of marking and measuring plots go to p. 5 of this Module.

5. Establish subsequent plots at the distance required to ensure plots are spread through the area and also so they are not too close (see Module 4 p. 12). 
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Figure 8.1: Diagram of a reserve that has been divided into strata on the basis of environmental differences and density of the target weed. The largest stratum has the most plots. The direction of transects and the spacing between transects and plots are consistent within each stratum. The first transect in each stratum was randomly located and randomly directed within the constraints of environmental gradients. The first plot on each transect was located at a random distance.

	How to distribute plots through the monitoring area continued…


	
	6. Keep establishing plots until you reach the edge of the monitoring area or stratum. Once there, measure the set distance to the next transect. Run subsequent transects parallel with the first one, remembering to generate a new random number to determine the location of the first plot along each transect.

7. Continue to establish plots using transects as outlined, until you have measured the required number (determined in Module 4 p. 7). 
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Figure 8.2: Diagram of how a circular plot should be defined by a length of cord that defines a set radius, e.g. for a 1m2 plot the cord will be 56 cm long. 

	How to mark and measure plots
	
	1. Once at the set distance along the transect (randomly determined for the first plot along each transect), put in a peg to mark the plot (this is the plot centre for circular plots and the bottom left or right hand corner for quadrats). For quadrats, decide whether the plot will lie to the left or right before reaching the distance where you will establish the plot.

· For circular plots, attach a measuring tape or an appropriate length of cord to the peg and measure out the required radius (as decided in Module 4 p. 9) to determine the individuals in the plot, see Figure 8.2.

· For quadrats, use the transect tape as one side of the plot and use another measuring tape to measure and peg out the other three corners at the required distance, see Figure 8.3. 


	How to mark and measure plots continued…
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Figure 8.3: Diagram of a square edged plot (a quadrat) that has been set out to the right of the transect.

	
	
	2. Record the type of terrain and vegetation for the area where the plot is located and record any notable features. Take photographs of the approach to the plot if it will make it easier to relocate. If you want a visual record of weed density or cover, take photographs of the plot itself. Take photos from a permanent marker peg or another re-locatable position and record this, so that future photographs may be taken from the same point. 
3. Within each plot, take and record on a field sheet the measures described in a and b below.
a. The density or percentage cover of the weed species 
· When recording density, distinguish between live and dead individuals and measure individuals so you can put them into defined size/age classes.
 For unhealthy looking individuals, estimate the percentage of live foliage. Describe, mark or accurately map the location of dead/damaged individuals.

· When estimating percentage cover, distinguish between live and dead foliage. Record the presence of different size/age groups.

· To make the estimation of percentage cover more accurate, first assess whether the species occupies more or less than 50% of the plot. If it occupies less than 50%, assess whether it occupies more than or less than 25%. Similarly if it occupies more than 50%, assess whether it occupies more than or less than 75% of the plot. Continue this until the cover value is narrowed down to at least a 10% interval, i.e. 0%, 10%, 20%, 30% and so on. 

	How to mark and measure plots continued…
	
	b. The condition of native species in the plot.
· For each species, record the abundance (number or percentage cover) of any unhealthy/dead individuals or clumps.
· For individuals that look unhealthy estimate the percentage of live foliage. Accurately describe, mark or map the location of unhealthy/dead individuals.
 
Note: 

If you don’t assess the condition of the weed and the native species in the plots before control, the number and extent of unhealthy plants due to control may be overestimated. 

	How to re-measure plots 


	
	1. Relocate transects and plots by following the approach detailed on maps and photocopies of the original descriptions. Use any photographs that were taken.   

2. Set up plots in accordance with the marker pegs and the detail in plot descriptions. 

3. Take another photo of the vegetation in the plot if you want a visual record of change. Make sure you take it from the same marker peg, in the same direction and with the same sized camera lens.

4. Re-measure and record all measures on a new field sheet (not field sheets with previous measurement data recorded on them). 

a. Re-assess the density or percentage cover of the weed species (see details in 3a on p. 4).
b. Re-assess the condition of individuals. This is especially important when using herbicides that take a longer time to work.
· Estimate the percentage of live foliage. 
· For woody species that have been injected or sprayed with herbicide, assess whether the cambium is alive by scraping the stem at the base, breast height (1.4 m) and the highest point on the stem that you can safely reach. 

c. Re-assess the condition of native species within the plots (see details in 6b on this page).

	Sampling along belt-transects

Note: Record the location of unhealthy/dead weeds and native species by noting the distance they occur along and from the measuring tape, e.g. at 5.4 m along the transect and 0.8 m West).


	
	How to distribute and measure belt-transects 

Follow steps 1-3 of “Sampling in plots along transects” on p. 2 (replacing the word plot with belt-transect).

4. Once at the randomly determined distance, put in a numbered peg to mark the beginning of the belt-transect.
5. Individuals or patches may be counted and totalled in 50 m or smaller contiguous lengths (at the set distance either side of the measuring tape) until the set belt-transect length is reached. You should use a pole held out either side as a guide to determine whether individuals are within the belt-transect, see Figure 8.4 on p. 9. Alternatively, for a small width, a measured length of cord may be useful.

6. Take and record on a field sheet the measures described in a and b below.

a. The density of the weed species.
· When counting individuals, make a distinction between those  live or dead and measure individuals so you can put them into defined size/age classes.
 For unhealthy looking individuals, estimate the percentage of live foliage. 
· When counting clumps, distinguish live and dead clumps and measure clumps so you can put them into defined size/age classes. For unhealthy looking clumps estimate the percentage cover of live foliage
· When counting patches, distinguish live and dead patches. Measure their length and width if they are oblong or their diameter if they are circular (size will be calculated back at the office, see Module 11). For large patches, only measure the part of the patch that is within the belt-transect. If there are discrete parts of a patch that have dead foliage, then distinguish these when measuring the size of the patch. If there is dead foliage scattered throughout then estimate the percentage cover of live and dead foliage. Record the size/age groups present within the patch. For sampling within patches see p. 8 of this module.
b. Assess the condition of native species in the belt-transect. 
· Record species that have unhealthy or dead individuals or clumps.

· Record the extent of damage for each species affected, e.g. number of individuals.

· Record the extent of damage for each individual or clump affected, by estimating the percentage of live foliage. 

	How to distribute and measure belt-transects continued…
	
	7. Once you have run and measured the belt-transect for 100 m, put in a peg to mark the end of the belt-transect. If the edge of the stratum or monitoring area is still more than 150 m away, measure out the distance that is required between belt-transects (determined in Module 4, p. 12). At this distance put in a numbered peg to mark the start of the next belt-transect and measure as described on page 6 of this module).

8. Once you reach the edge of the monitoring area or stratum, measure the set distance along the perimeter to the next transect. Run subsequent transects parallel with the first one, remembering to generate and record a new random number to determine the start point of the first belt-transect on each transect. Continue to run belt-transects until you have measured the number required (decided on in Module 4, p. 10).

	Re-measuring belt-transects
	
	1. Relocate belt-transects by following the approach detailed on maps and photocopies of the original descriptions. Use any photographs that were taken.   

2. Set up belt-transects in accordance with the marker pegs and the detail in location descriptions. 

3. Re-measure and record all the measures that were taken before control on a new field sheet (not sheets with previous measurement data recorded on them). 

a. Re-assess the density of the weed species (see details in 6a on p. 6).
b. Re-assess the condition of the weed species. This is especially important when using herbicides that take a longer time to work.
· For each individual, clump and patch estimate the percentage of live foliage. 
· For woody species that have been injected or sprayed with herbicide, assess whether the cambium is alive by scraping the stem at the base, chest height (1.4 m) and the highest point on the stem that you can safely reach. 

c. Re-assess the condition of native species (see details in 6b on p. 6).  

	
	
	

	Sampling within patches

This method is only suitable when the weed has distinguishable individuals
	
	· The first stage of this method is described on pages 6 and 7 of this Module. It involves sampling the area or strata with belt-transects to estimate the number and size of weed patches.

· This second stage involves sampling a set number of patches, to determine the average number of individuals within patches. 

	Setting up monitoring within patches
	
	1. Given the number of patches you need to sample (decided on in Module 4 p. 11, randomly select patches within each belt-transect by:

· setting a maximum number of patches to sample per belt-transect

· choosing patches from throughout the belt-transect, e.g. if you plan to monitor two patches along a 100 m transect, locate the first patch in the first 50 m and the second between 50 m and 100 m.

2. Permanently and consistently mark each selected patch with a numbered peg (or another suitable marking method). Make detailed notes about the location of the patch (e.g. type of terrain and vegetation) and take photographs of the approach, if it will make the patch easier to find again. If it will be informative, take close-up photographs of the patch for a visual record. Take these from the permanent marker peg, so that future photographs are taken from the same point. 
3. See table below:

	
	
	If you are…
	then…

	
	
	sampling the patch within permanently plots (when patches of the weed species tend to be large) 

	generate random numbers to define the distance along the length and width of the patch where you will locate each plot. Plots should not overlap and you should not establish more than 5 plots in each patch

	
	
	counting all individuals within the patch (when patches of the weed species tend to be small)
	do so systematically so that you do not miss any

	
	
	4. When counting individuals of the weed (in a plot or the entire patch) distinguish between live and dead individuals and measure individuals so you can put them into defined size/age classes. For unhealthy looking individuals of the weed, estimate the percentage of live foliage. Describe the exact location of unhealthy individuals assessed, so that the data collected after control can be related to the before control data.

	Re-measuring within patches
	
	1. Relocate belt-transects and marked patches by following the approach detailed on maps and photocopies of the original field sheets. Use any photographs that were taken.   

2. If plots were marked out in patches before control then set these up again. Record all measures on a new field sheet (not sheets with previous measurement data recorded on them). 

a. Re-assess the density of the weed species in each plot or in the entire patch (see details in step 3 on p. 8).
b. Re-assess the condition of the weed species (in each plot or in the entire patch) by estimating the percentage of live foliage for each individual. This is especially important when using herbicides that take a longer time to work.
· For woody species that have been injected or sprayed with herbicide, assess whether the cambium is alive by scraping the stem at the base, chest height (1.4 m) and the highest point on the stem that you can safely reach. 
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Figure 8.4: Diagram showing a person monitoring the number of individuals along a belt-transect, using a foldable measuring pole as a guide to belt-transect boundaries.


	Module 9:
	
	Photopoints

	Introduction 
	
	Useful qualitative data for monitoring the results and outcomes of weed control programmes can be collected through photopoint photography. Photopoint photography involves taking photographs of the weed population and the native vegetation from permanently marked and re-locatable points. 

This module outlines how to set up and re-measure photopoints and how to organise the photographs and data recorded. The procedures have been adapted from two documents that are currently referred to in DOC.

Accountability: The Area Manager is accountable for ensuring that fieldwork is carried out in accordance with the standards in this SOP.

Responsibility for carrying out fieldwork for monitoring: Either:

· The Weed Programme Manager in the Area Office with support from Conservancy Technical Support Officer (Weeds).

· The Conservancy Technical Support Unit.
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	Appendix
	
	

	
	
	9A: Recording sheets for photopoints
	
	

	What are photopoints?
	
	A photopoint is a referenced and re-locatable site and camera position where photos of vegetation can be taken for comparison over time. 

A photoframe designates the exact direction, focus and variables of the photos taken. Numerous photoframes can be established at one photopoint.
 

As outlined in Module 4, establishing photopoints is the best method for monitoring when:

· weed infestations occur in inaccessible parts of the monitoring area, e.g. steep banks or faces, and 

· the weed is clearly distinguishable from native vegetation, e.g. it occurs in open vegetation and has distinctive flowering (like gorse and broom) or it occurs in the forest canopy (like old man’s beard), and 

· there are suitable vantage positions to set up photopoints.

Photopoints may be used to collect quantitative data (e.g. see Wiser & Rose
) but in this SOP they are regarded as a useful advocacy tool and as an addition to robust quantitative monitoring.

	Standards for photopoints

Also see the tools and standards for collecting monitoring data  in Module 6
	
	· Photographs should be taken when shadows are minimal, e.g. on overcast days. This prevents disruptive shadowing in the photographs. If this is not possible, subsequent photographs should be taken at the same time of day as the initial shots to avoid shadows in different positions.

· A tripod should be used to help standardise the photos taken, e.g. it removes the influence of a person’s height. A tripod also reduces camera movement, allowing the use of lower shutter speeds and increased depth of field. 

· A card with the photopoint details and the date and time may be included with the photographs.  

· Colour print film allows for more easy reproduction after processing than slide film. However, print film has to be managed carefully too, as you have to keep track of both the prints and the negatives. Slide film should be considered if the photo is going to be used for publicity or presentation purposes.

· ASA rating guidelines for film use:

· 100 ASA: Standard film for daylight tripod photopoint photography.

· 200 ASA: Variable film for use in tripod photography and good lighting hand held photography.

· 400 ASA: Hand held photography in poor light conditions 

· 800 ASA: Hand held photography in poor light conditions and hand held aerial photography.

· The information recorded for photopoints should be precise. Remember that you may not be the person who will re-measure the photopoint in future years.

· Photopoints shall be relocated at the exact position of the original photopoint and all variables (i.e. camera specifications, film, lighting, tripod height etc.) should be closely replicated from one monitoring interval to the next.

	Setting up photopoints

The explanations in this module can be photocopied onto the reverse side of the Photopoint Establishment Sheet in Appendix 9A.


	
	1. Given the distribution of the weed population and the size of the area where it occurs, locate a sufficient number of photopoints so that the photographs will be representative of the area where the weed occurs.

· If you know the location/s of the weed population and the nature of the terrain and vegetation, general locations for photopoints should be selected in the office using a map and/or aerial photograph of the monitoring area. 

2. Once at the general location for the photopoint, determine the suitable distance and direction from the subject to place the tripod. After taking the photograph/s (see p. 5) drive a permanent marker peg into the ground at the point where the tripod was. Attach a disc marked with the photopoint number to the peg. When selecting a marking system consider the effects of visitor use, and how inconspicuous you want it to be for the control workers.

3. Record all relevant details. For an example of a recording sheet, see Appendix 9A. 

4. Give the photopoint an identification number.
5. Record the location of the photopoint on the relevant NZMS 260 series map and on an aerial photograph of the monitoring area. Also record the six figure grid reference, e.g. B12 346789 and where available, record the GPS location. 

6. Find 2-3 nearby permanent features of the landscape to act as orientation points for relocating the photopoint. Immovable features provide good references but if there aren’t any, then use large trees. 

7. Physically mark the reference features if it is likely that they will be difficult to relocate. For marking trees use numbered aluminium tags. If you use trees, then record the species and its diameter at breast height, i.e. at 1.4 m.

8. Record any reference features you mark, noting the feature and method of marking, e.g. mahoe tagged 0078 at 1.4m NE side of tree (cruise tape). Record the compass bearings and distances measured from these three features to the photopoint, e.g. 8 m and 112º from the mahoe to the photopoint. 

9. Draw a sketch map of the photopoint and the surrounding reference points (in relation to an easily located section of the overall monitoring area). To aid relocation, take a photograph of the photopoint with the marker peg in position. Attempt to include the reference points within the frame of the photograph.

	Taking the photos and recording the detail


	
	Several photoframes can be taken at a photopoint. Complete details for each photoframe taken. See Appendix 9A for and example of a recording sheet and accompanying explanations.

1. Select a view that will provide useful information on the subject and briefly describe what the frame attempts to show.   

2. Adjust the tripod to an appropriate height and record the distance between the ground and the bottom of the camera 

3. Adjust the focal length and aperture setting of the lens. Record these to ensure the correct depth of field will be established during re-measurement, e.g. Nikon F70, 28 mm lens set on auto exposure and/or bracketing (unless otherwise specified) film fujichrome 200 ASA etc.

4. Record the compass bearings to define the boundaries of the photoframe and give the frame a unique identification number. You may draw a quick reference sketch of the compass bearings.

5. Place a card in a convenient position in the foreground near the register of focus to show the photopoint number, photoframe number, the date and time, and the initial of the photographer. If you laminate the card and use a whiteboard marker you can re-use one card to record details for all photoframes.

6. Take the photograph. At least two exposures should be taken of each photoframe.

7. Record the condition of the weed population and native vegetation in the vicinity. Note conditions that have the potential to make the weeds look more or less impacted, e.g. dry or wet summer.

	Managing photopoint monitoring data
	
	1. Films should be processed after monitoring is completed for each time period.

2. Photographs and slides should be marked
 with the following:

· the date the photograph was taken

· photopoint identification numbers

· film rating.

3. After establishment of the photopoints, the following items should be compiled for each photopoint:

· a copy of the completed recording sheets, e.g. like the ones in Appendix 9A.

· a copy of the photopoint establishment photograph/s 

· copies of the original photographs. To make photos more durable in the field, put them into a small plastic album or colour copy/scan and laminate them.

4. The person/s responsible for monitoring should then store the processed and marked prints, the negatives, and the original recording sheets within each weed control programme’s monitoring folder or within a folder set up for storing all weed control monitoring data, see Module 6.

	Re-measuring photopoints
	
	Re-measuring the photopoints is simple when their location was  recorded in sufficient detail and the information and original photographs was collated and stored at the completion of the initial fieldwork.

1. Gather together all the necessary equipment along with copies of the recording sheets used for previous monitoring. 

· This information should have been collated with the original photographs at the completion of the initial fieldwork (see managing photopoint monitoring data on page 6). 

· A film of the same type, speed and ISO/ASA rating used in the initial photographs should be used.

· Variables, such as date, time, photographer and negative number should be recorded on copies of the recording sheets in the re-measurement column.

2. Locate the marker peg, using the recorded orientation points, bearings and distances. Remember to adjust for true north as magnetic north changes slowly over the years. If the marker has been removed you should still be able to relocate the exact photopoint using the references and the original photographs of the actual photopoint. 

3. Once you have located the marker peg (or position of the photopoint) set up the tripod and camera. Ensure the camera settings (e.g. tripod height and lens focal length) replicate the initial settings recorded as closely as possible.

4. Use a copy of original photo to get the framing right and take the replicate photograph

5. Record information on the photocopies of the original recording sheets in the re-measurement column.


	Appendix 9A:
	
	Examples of recording sheets for photopoints
 

	

	


Photopoint Record Sheet 

	WEED CONTROL PROGRAMME:
	AREA/CONSERVANCY:
	WEED SPECIES:
	MONITORING OBJECTIVE:
	NUMBER OF PHOTOPOINTS SET UP:
	CAMERA AND LENS:
	FILM NAME AND ASA/ISO RATING:
	DATE ESTABLISHED:
	ESTABLISHED BY:
	
	PHOTOPOINT NUMBER:
	DESCRIPTION OF PHOTOPOINT LOCATION: 


	ORIENTATION POINTS:	Object:

Distance and bearing to photopoint:

		Object:

Distance and bearing to photopoint:

	PHOTOFRAMES:
	INITIAL SET UP	RE-MEASUREMENT

		Frame number:
Frame description:
Focal length, aperature
& tripod height:
Date and time:
Negative/slide nos:	

		Frame number:
Frame description:
Focal length, aperature
& tripod height:
Date and time:
Negative/slide nos:	

			

			

			

			

	PHOTOPOINT NUMBER:
	DESCRIPTION OF PHOTOPOINT LOCATION: 


	ORIENTATION POINTS:	Object:

Distance and bearing to photopoint:

		Object:

Distance and bearing to photopoint:

	PHOTOFRAMES:
	INITIAL SET UP	RE-MEASUREMENT

		Frame number:
Frame description:
Focal length, aperature
& tripod height:
Date and time:
Negative/slide nos:	

		Frame number:
Frame description:
Focal length, aperature
& tripod height:
Date and time:
Negative/slide nos:	

		Frame number:
Frame description:
Focal length, aperature
& tripod height:
Date and time:
Negative/slide nos:	

			

	Explanations of the Photopoint Record Sheet

	WEED CONTROL PROGRAMME:	Name and programme code 

	AREA/CONSERVANCY:	Record the Area and Conservancy that the programme is in.

	WEED SPECIES:	Record the name of the weed species for which the photopoints are being set up to monitor.

	MONITORING OBJECTIVE:	Record the objective of your monitoring, i.e. what you are trying to measure by setting up the photopoints

	NUMBER OF PHOTOPOINTS SET UP:	Record how many photopoints are set up for monitoring 

	CAMERA & LENS:	Record the camera make and model, e.g Canon EOS 500 and the make and type of lens used, e.g. Canon EF 35-80/f. 4-5.6

	FILM NAME AND ASA/ISO RATING:	Record the brand name of the film used and either the ASA or ISO rating (circle which).

	DATE ESTABLISHED:	Date on which the photopoints were established.

	ESTABLISHED BY:	Name and position of person who established the photopoints.

	
	PHOTOPOINT NUMBER:	Record the identification number given to the photopoint.

	DESCRIPTION OF PHOTOPOINT LOCATION: 
	· Draw a sketch map of the photopoint and the surrounding orientation points in relation to an easily located section of the overall site. Include the distances and bearings to the photopoint from the orientation objects.

· Record the six-figure grid reference from the relevant NZMS 260 series maps, e.g. B12 346789 or GPS the location.
· Attach a map or aerial photo marked with the photopoint location.

	ORIENTATION POINTS:	Object:	A description of the orientation points. Where possible these objects should be immovable. Record any identification tag numbers used.

		Distance and bearing to photopoint:	The measured distance in metres and the compass bearing from the orientation point feature to the tripod or peg. State from where on the orientation feature the measurements are taken.

	PHOTOFRAMES:
A list and description of the photos taken at the photopoint to be recorded during initial set-up and re-measurement	Frame number:	Record a unique identification number for this photoframe.

		Frame description:	Briefly describe what the frame attempts to show.. Record the compass bearings that define the photoframe boundaries. Comment on the weed population and native vegetation in the vicinity

		Focal length & aperture & tripod height: 	Record the focal length setting of the lens for the photograph and the aperture setting to ensure the correct depth of field is established for re-measurement. 

Record the height from the ground to the camera base when fixed onto the tripod.

		Date and time:	Record the date and time of day the photograph is taken.

		Negative/slide nos:	When the film is processed, list the negative or slide numbers that correlate with the photographs recorded on this sheet.


	Module 10:
	
	Fieldwork for Outcome Monitoring

	Introduction
	
	Fieldwork will involve setting up and measuring plots within experimental units that are either controlled or not controlled for the weed. Experimental units may either be small plot sized areas within a site, larger blocks at a site, or entire sites. 

Accountability: The Area Manager is accountable for ensuring that fieldwork for outcome monitoring is carried out in accordance with the standards in this SOP.

Responsibility for carrying out fieldwork for outcome monitoring: Either:

· The Conservancy Technical Support Unit.

· The Weed Programme Manager in the Area Office with support from Conservancy Technical Support Officer (Weeds).
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	Standards

See:

Module 5 for standards of a robust experimental design

Module 6 for organising fieldwork and managing data
	
	Standard: For all types of experimental units, plots shall be located when the weed is at an adequate density.

While plot location is chosen subjectively, the layout of the transects that guide plot placement and relocation should be randomised. 

Standard: Plots should be located in a restricted random manner. This involves locating plots within regular intervals along transects. The location of the first transect should be randomly determined and subsequent transects should be spaced at regular intervals across the monitoring area.

Standard: The intervals between plots and between transects should be defined according to the number of plots required and the dimensions of the monitoring area (see Figure 4.2 in Module 4).

Standard: Transects should be run along any obvious environmental gradient (see Figure 4.3 in Module 4)

Standard: As much as possible, given your knowledge of the monitoring area, you should randomly locate transects on maps or photos while in the office. 

Standard: When blocks are designated as experimental controls, the plots within them should not be located close to the edge of block boundaries. This is to ensure that they are not affected by the control (e.g. by herbicide spray drift) undertaken in adjacent treatment blocks.

Standard: Plots shall be permanently marked and the location of experimental units and plots shall be drawn on a map of the site/s and described on field sheets.

Standard: The six-figure grid reference for each transect start and ideally each plot location should be recorded from the relevant NZMS 260 series maps, e.g. B12 346789. Use a GPS unit where available and accurate.

Standard: Take photographs of the approach to the plots so they are easier to relocate and take photographs of the vegetation in the plots to get a visual record of vegetation change. Record details so that future photographs replicate the originals.

Standard: The buffers around experimental control plots shall be clearly marked and described to the staff/contractors doing the weed control.
 

	Entire sites or blocks within sites are the experimental unit

	
	1. Go to an edge of the monitoring area.
 Generate a random number between 0 and the distance required between transects (see standards on p. 2) to locate the start of the first transect. 
2. Once at the measured distance, put in a marker post so that the start of the transect can be relocated. Generate a random number to define the compass bearing that the transect will follow across the monitoring area. The range of numbers will need to be restricted if you are running the transect along an environmental gradient (see standards on p. 2). Record the compass bearing so that subsequent transects can run parallel to this first transect. If relocation is likely to be difficult, take photographs from the start point looking along the transect and include landmarks. 
3. Search for suitable
 plot locations along the transect at set intervals, given the number of plots you plan to set up along each transect and given minimum distances between plots. For example, if you plan to set up 2 (5 m x 5 m) plots along a 250 m transect, locate the first plot in the first 125 m and the second between 125 and 250 m. 

4. Once at a suitable spot, mark and measure the plot. Plots need not be directly on the transect, and when they are not, you should record how to find them relative to the transect. For the details of marking and measuring plots go to p. 6 of this module.

5. Once you reach the edge of the monitoring area, measure out the distance you have set between transects. Run subsequent transects parallel with the first one.
6. Continue to establish plots using transects as outlined, until you have measured the required number (determined in Module 5 p. 8).

	Plots are the experimental units and the treatment and experimental control are paired
	
	Follow steps 1 and 2 of the method for when entire sites or blocks within sites are the experimental unit (see p. 3).

3. Search for suitable spots
 along the transect at set intervals. Intervals should be defined according to the number of plot pairs you plan to set up along each transect and the minimum distance required between plots. For example, if you plan to set up 3 pairs along a 300 m transect, locate the first pair of plots between 0 m and 100 m, the second between 100 m and 200 m and the third pair between 200 m and 300 m. Plots need not be directly on the transect, and when they are not, you should record how to find them relative to the transect. The plots in a pair should not be set up too close (see minimum distances in Module 5 p. 7) 

4. Mark and measure plots according to details on p. 6 of this Module. Before measuring plots, randomly determine which plot will be an experimental control, by standing by one and tossing a coin to assign a treatment (heads) or an experimental control (tails). The other plot will be the opposite. This ensures that the treatments and experimental controls are not assigned in a biased manner. After measuring, mark the buffer area around the experimental control (see also p. 6 of this Module).

5. Once you reach the edge of the monitoring area, measure out the distance you have set between transects. Run subsequent transects parallel with the first one.
6. Continue to establish paired plots using transects as outlined, until you have measured the required number (determined in Module 5 p. 8).

	Plots are the experimental units and the treatment and experimental control are not paired 
	
	Follow steps 1 and 2 of the method for when entire sites or blocks within sites are the experimental unit (see p. 3).

3. Search for suitable
 plot locations along the transect at set intervals, given the number of plots you plan to set up along each transect and given minimum distances between plots (see example in step 3 on p. 3 of this module). 
4. To avoid having too many treatments or experimental controls in one part of the monitoring area:
· flip a coin at the first plot to randomly determine whether the plot will be a treatment (heads) or an experimental control (tails)

· the next plot should be the opposite of the first, or if there are more than two treatments then the first treatment assigned should be excluded from the “selection pool” until all treatments and an experimental control have been assigned once

· start the allocation process again at the next plot.
5. Mark and measure the plot as described on p. 6 of this module.
6. Establish another plot within the next interval of the transect. Where the site is small and intervals are necessarily closer, ensure that plots are far enough apart so that treatments and experimental controls do not affect one another (see Module 5 p. 8). 

7. Once you reach the edge of the monitoring area, measure out the distance you have set between transects. Run subsequent transects parallel with the first one.
8. Continue to establish plots using transects as outlined, until you have measured the required number (determined in Module 5 p. 8).

	How to mark and measure plots
	
	1. Once at the suitable spot, mark out the plots as follows: 

· For circular plots: put in a peg to mark the plot centre. Attach a measuring tape or an appropriate length of string to the peg and measure out the required radius (as decided in Module 5 p. 7) to determine the individuals in the plot.
· For quadrats, use one or two 50 m measuring tapes (depending on the size of the plot) to delineate the plot. Put in a small peg at each corner so the plot can be accurately re-established.

· If the plot is to act as an experimental control, then using a measuring tape, mark out with large clearly visible pegs (e.g. flagged warratahs or wooden posts) the four corners of an appropriately sized buffer. This is the area that staff/contractors will not control the weed. If weed control occurs in the experimental control plots, then the experiment will fail. Take care not to trample the vegetation that will be monitored.

2. Within each plot, take and record on a field sheet:
a. The density or percentage cover of each species: 
· When recording density, put individuals into defined size/age classes (see Appendix 4A) and note any flowering/fruiting individuals. 

· When estimating percentage cover, record the presence of any seedlings or flowering/fruiting.

· To make the estimation of percentage cover more accurate, first assess whether the species occupies more or less than 50% of the plot. If it occupies less than 50%, assess whether it occupies more than or less than 25%. Similarly if it occupies more than 50%, assess whether it occupies more than or less than 75% of the plot. Continue this until the cover value is narrowed down to at least a 10% interval, i.e. 0%, 10%, 20%, 30% and so on.

Continued…


	How to mark and measure plots continued…
	
	b. The condition of individuals. For unhealthy looking individuals, estimate the percentage of live foliage. To accurately measure condition over time, it is important to tag (or accurately map) the individuals measured.
c. The growth of individuals. To accurately measure growth over time, it is important to tag the individuals measured. 
· For woody species, tag the individual in a standard place, e.g. at breast height (1.4 m) and run a diameter tape at right angles to the axis of the stem just above the tag. Alternatively, you can tag individual shoots and stems and measure growth from a node or branch.
· For herbaceous species, tie a tag in a standard place and measure the height of the longest stem, or you can tag individual shoots and stems and measure growth from a marked node or branch.

	How to relocate and re-measure plots 


	
	1. Relocate transects and plots by following the approach detailed on maps and photocopies of the original field sheets. Use any photographs that were taken.   

2. Set up plots in accordance with the marker pegs and the detail in plot descriptions. 

3. Take another photo of the vegetation in the plot if you want a visual record of change. Make sure the photograph replicates the original settings.

4. Re-measure and record all measures (see details in 2a on p. 6) on a new field sheet (not field sheets with previous measurement data recorded on them). 

a. Re-assess the density or percentage cover of the plant species 
b. Re-assess the condition of individuals.

c. Re-assess the growth of individuals.


	Module 11:
	
	Analysing and Evaluating Result Monitoring Data

	Introduction


	
	After you have entered the data into a spreadsheet and checked for errors you should analyse the data.
 Analysis should involve summarising the change (following control) in:

· the weed population

· non-target species.

Analysed data should then be evaluated to:

· determine whether result targets were met

· identify the need for further control work.

Accountability: The Area Manager is accountable for ensuring that data are analysed and evaluated in accordance with this SOP.

Responsibility for analysing and evaluating monitoring data: Either:

· The Weed Programme Manager in the Area Office with support from Conservancy Technical Support Officer (Weeds).

· The Conservancy Technical Support Unit.
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	Steps of data analysis 

See Appendix 11A for explanations of means, medians, standard deviations and confidence intervals
	
	 For data collected from marked and mapped infestations

1. Sum the number of live infestations before and after control

2. Calculate the percentage change in the number of live infestations.

3. Where applicable, calculate the mean number of live individuals in each infestation or the mean infestation size (live vegetation) before and/or after control.
a. If a patch is roughly circular, then use the formula for a circle to calculate patch size: (r2, where ( is approximately 3.14 and r is the radius (half the diameter). 

b. If a patch is roughly oblong, then use the formula for an ellipse to calculate patch size: ((0.5l ( 0.5w), where l is the length of the patch and w is the width of the patch. 

4. For each non-target species measured, sum the change in the number or cover of unhealthy or dead individuals:

· at each infestation, e.g. around old man’s beard infestation number 6, the number of dead kowhai increased by 2

· for all infestations, e.g. the number of dead kowhai around all 10 infestations of old man’s beard increased from 3 to 13.

	
	
	

	Steps of data analysis continued…

See Appendix 11A for explanations of means, medians, standard deviations and confidence intervals


	
	For data collected in plots or belt-transects

1. Create frequency histograms for:

· data collected at a point in time (i.e. before and after control)

· change data, e.g. the number of  individuals killed. 

2. Calculate the mean 

· before and/or after control

· percentage change.

3. Calculate the variability (standard deviations and maximum and minimum values): 

· before and/or after control

· of the percentage change.
4. Calculate confidence intervals of the mean

· before and/or after control

· percentage change.
5. For each non-target species measured, calculate the mean change in the number (or percentage cover) of damaged/dead individuals following control.

	
	
	Instructions for using the Excel statistical function 

· click in an empty cell at the bottom of a data column and then click on the fx button on the tool bar

· in the left-hand function category box click on “statistical” and then in the right hand function name box click on AVERAGE, MEDIAN or STDEV (standard deviation) or CONFIDENCE  (confidence intervals)  then click OK

· another box will come up
· for an AVERAGE, MEDIAN or STDEV click outside this into the spreadsheet to drag and highlight the appropriate column of data. Click OK and the chosen function will be calculated.
· for CONFIDENCE you will need to enter an alpha value. For a 95% confidence interval, this value is 0.05. You also need to enter the standard deviation and the size (i.e. the number of plots or belt-transects). 

	
	
	

	
	
	Background

· If data were grouped into size/age classes (see examples in Appendix 4A) analyse these separately, e.g. the density of trees may decrease following control while seedling density may increase.

· Be aware that with belt-transects you were more likely to locate larger rather than smaller patches. This may bias estimates for changes in patch density towards what happened in larger patches.

· When you have sampled within patches, calculate mean estimates of patch density within small, medium and large patch size classes. You can then determine if patch size influenced the control effectiveness.

	Creating histograms
	
	· The first step of analysing sampling data is to create histograms. 

· Histograms allow you to examine and present data visually. For example, in Appendix 11B, the number of pampas individuals per plot are plotted against the proportion of plots containing X number of individuals. This frequency histogram is symmetrical, indicating that the number of pampas individuals per plot is normally distributed. 

· An asymmetric distribution may indicate that you need more sample units. If the curve remains asymmetric, with an increase in the number of sample units, it may be better to calculate a median rather than a mean (see Appendix 11A).

	
	
	Steps for creating frequency histograms in Excel:

· Create a table to group plots according to the number of individuals they contain. Intervals must be equal, i.e. 0-2, 3-5, 6-8 not 0, 1-5, 6-8, 9-12.

· Select the cells in the table and click on the chart wizard icon (three icons to the left of the zoom box).

· Follow the instructions in chart wizard to create histograms. Create separate histograms for data collected at each time period (e.g. before and after control in year 1) and for the change data. Separate histograms should also be created for each size/age class if distinctions were made. 

· The density or size class categories (along the horizontal axis of the histogram) may need to be adjusted to see trends in the data. However, intervals must be kept equal.

	
	
	

	
	
	

	Using the data to evaluate weed control


	
	For each year that control and monitoring occurs, evaluate:

· whether the result targets of control work this year were met, e.g. whether an 95% reduction in adult density was achieved within acceptable limits. 

· whether the level of non-target damage is acceptable.

· the practicality of the control objective (eradication or containment or zero density) by weighing up whether the weed is being significantly reduced in abundance over time in relation to control effort.

	Questions for evaluating weed control
	
	If the percentage reduction target or a “residual” target level was not met, attempt to identify why and recommend the best action to take. 

The following type of questions should be answered:

· Were some marked infestations, plots, belt-transects missed during control and therefore does the area need to be re-worked?

· Were some marked infestations, weeds in plots or belt-transects inadequately controlled and therefore do particular marked infestations or areas need re-working?

· Was the herbicide concentration or type ineffective and therefore should a different concentration or type of herbicide be used for re-working the area or for control work next year?

· Was the herbicide application method ineffective and therefore should a different method be used for re-working the area or for control work next year?

· Were conditions for herbicide application not ideal, e.g. wind and rain?

To evaluate whether the weed is being significantly reduced in abundance over time in relation to control effort, you should answer the following type of questions:

· Is the extent of recruitment (from the weed seedbank or from sources outside the monitoring area) so extensive that the control objective is not feasible?

· If there was minimal or no recruitment
 how long will it take to meet the control objective and at what frequency should monitoring continue?


	Determining the reliability of sampling data

When all infestations are marked, mapped and measured, the percentage reduction calculated is a reliable measure of the effectiveness of control. Therefore, management decisions can be confidently based on the data collected.
	
	When sampling methods are used, you can only be confident of the results achieved if the calculated means are reliable. Evaluate the reliability of the means by examining the standard deviations, maximum and minimum values and confidence intervals. 

High standard deviations and large differences between the minimum and maximum values indicate high variability. High variability may occur:

· between the before control measures, indicating that weed abundance varies throughout the area sampled

· between the after control measures, revealing that the control effort did not bring about a uniform weed abundance over the area sampled 

· between the percentage change in abundance. This may indicate a uniform decline in abundance, yet it may also indicate variable control effort.

High variability will produce wider confidence intervals. Wide confidence intervals indicate that the calculated mean has low precision, e.g. if the mean reduction was 60% and the 95% confidence interval was (35% then the true mean reduction lies somewhere between 35% and 95%. 

When confidence intervals are wide the options are to:

· increase the number of sample units to improve precision e.g. to (15%. You should use the calculation in Appendix 11A p. 6 to determine an appropriate sample size, given your desired level of precision. 

· only monitor part of the area so that you can sample that area sufficiently. If you do this, your conclusions from monitoring will be limited to the area sampled.

· stop sampling because the effort (i.e. time to establish and measure more plots) required to make valid conclusions will likely exceed the cost of control. 

Note: 

· As a weed is successfully controlled over time, its density after control should become less variable. Less variability will result in a more precise estimate of the true population mean.
· Even if control is successful (density of a weed is uniformly zero) you may not get a precise estimate of the mean change because if the weed density is variable to start with the change will be variable.  


	Appendix 11A: 
	
	Concepts for Analysing Data

	Contents 
	
	This appendix covers:
	Page
	

	
	
	· Measures of central tendency
	2
	

	
	
	· How to measure the variability of estimates
	3
	

	
	
	· Confidence intervals
	3
	

	
	
	· Evaluating the number of sample units required for result monitoring
	4
	

	
	
	· Calculating an appropriate sample size for outcome monitoring
	5
	

	
	
	
	
	

	Measures of  central tendency
	
	The number that is close to the centre of the distribution of recorded observations is known as the mean or the median. It is chosen to represent all observations. 

	What is the mean?
	
	The mean is the most commonly used measure. Calculate it by dividing the sum of a set of observations by the number of observations made. Means are easiest to calculate in the spreadsheet where you have entered your data.

	
	
	Example of calculating the mean:

Before control: 

· Field staff counted the number of Spanish heath individuals in ten 4 m x 4 m plots from one stratum of their monitoring area. The numbers of individuals for each plot were 3, 12, 30, 6, 5, 11, 4, 8, 6 and 15.

· The mean density of their 10 plot sample:
= (3 + 12 + 30 + 6 + 5 + 11 + 4 + 8 + 6 + 15)
= 100/10
= 10 individuals per plot or per 16m2.

After control: 
· Field staff re-measured the number of individuals of Spanish heath in their ten 4 m x 4 m plots after control. The numbers of individuals for each plot were: 0, 5, 11, 0, 1, 3, 0, 1, 1, and 8.

· The mean density of their 10 plot sample: 
= 0 + 5 + 11 + 0 + 1 + 3 + 0 + 1 + 1 + 8  
= 30/10
=  3 individuals per plot or per 16m2.
Mean change:

· A mean density of 10 individuals per 16m2 before control was reduced to an mean density of 3 after control. The population was therefore, on average, reduced by 10 – 3 = 7 individuals per 16m2. To make this into a percentage divide the mean reduction in density by the mean density before control, i.e.  7/10 x 100 = 70% 

	
	
	

	What is the median and when should it be used?
	
	· The median is the middle measurement in an ordered set of data. There are just as many observations higher than the median as there are lower.

· Calculate the median by arranging data in ascending order (i.e. from lowest to highest) to identify the middle value. For example, number of individuals in each plot: 3, 4, 5, 5, 5, 6, 7, 9, 11, 12 and 14. The median is 6.

· With an even amount of plots the median will be midway between the two middle values. For example, using the Spanish heath data again the numbers of individuals in each plot before control were: 3, 4, 5, 6, 6, 8, 11, 12, 15, and 30. The median is 7, i.e. (6 + 8)/2.

· When data show an asymmetric distribution, and you have a relatively high number of sample units, it may be better to use a median rather than the mean. However, be aware that in using medians, you cannot measure variability and precision as described for means (and for outcome monitoring you need to use different statistical tests than those described in Module 12). 

	How to estimate variability 
	
	· As weed density and cover vary throughout an area, it is inadequate to just calculate the mean or median. You must also present information on the variability of the estimated mean or median.  

· Variability is estimated by calculating the standard deviation for means and the inter-quartile range for medians. 

· Basic instructions for calculating statistical functions within an Excel spreadsheet have been provided in Module 11. For further assistance, look up the topic in Excel’s help menu. To calculate the inter-quartile range for medians refer to recommended texts.

· Variability should also be demonstrated by presenting the maximum and minimum measures for each sample, e.g. for the Spanish heath data, there was a minimum of 0 and a maximum of 30 individuals per plot. This indicates reasonably high variability in the density of Spanish heath before control.


	Confidence intervals
	
	A confidence interval is a range in values that has a specified probability (i.e. 95%) that it includes the value of a sample mean. It is one way of presenting the precision of a sample mean.

	How to evaluate the number of sample units required for result monitoring
	
	Module 4 gives guidelines on the number of sample units to establish, according to the size of the monitoring area. However, once you have collected data you can get a better idea of how many sample units you need next time (at the same site for the same species) using the formula below. 

Standard: This formula should be used to assess the number of sample units required to achieve a certain level of precision. 

· If you have collected data after control then plug the means and standard deviations of these data into the formula. 

· Use the before control data if these are all you have.

· If you collected data before and after control and next year you want to estimate the mean percentage reduction in the weed to a higher level of precision, then use the mean change and standard deviation of the change. Remember, the answer will only be appropriate if you mark and re-measure sample units over time. 
Formula: 
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	Where:
	is:

	
	
	n
	the number of sample units or the sample size 

	
	
	2
	the appropriate multiplier to get a 95% confidence interval 

	
	
	
[image: image11.wmf]s


	the standard deviation of the mean estimate of the weed 
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	precision, i.e. the desired width of the 95% confidence interval, usually (10% or (20% of the sample mean. 
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	mean of the measure you have taken in your sample 

	
	
	Example of evaluating the number of plots:

Pinus contorta individuals were counted in 57 100m2 plots before and after a control operation covering 550 ha in 1999/00. After control the mean number of individuals was 25/ha and the standard deviation was 20 individuals/ha

Using the formula on p. 6 we can calculate the number of sample units needed to measure P. contorta density at a point in time:

within ±20% of the true population mean:

n  = (2 ( 20)2/ (0.20 ( 25)2  = 1600/25

    = 64 plots
within ±10% of the true population mean:

n  = (2 ( 20)2/ (0.10 ( 25)2  = 1600/6.25

    = 256 plots

From this information you can then make decisions about the desired level of precision and the monitoring questions you can confidently answer with the resources available.

	How does re-measuring the same sample units influence the number of plots needed?
	
	· By measuring the same sample units you get a more precise estimate of change over time. This is because it is likely that the variability of the change in density over time is much less than the variation in density throughout the monitoring area at one time. 

· For example, if you established 100 plots to estimate density at one point in time you would only need to re-sample 70 of those to measure the change in density to the same level of precision (e.g. ±20%)  

· If you re-establish new plots to measure a change in density, you will need 40% more plots than for the same precision in a density estimate at one time. For example, if you establish 100 plots to estimate density you will need 140 newly established plots to measure a change in density to the same level of precision.

	Calculating an appropriate sample size for outcome monitoring 
	
	The formula for calculating an appropriate sample size for your outcome monitoring if experimental units are unpaired, is:
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	Where:
	is:

	
	
	n
	the number of replicates

	
	
	9
	the power of 80% to detect a difference at 95% confidence level

	
	
	2
	for comparing unpaired samples

	
	
	s2
	the pooled variance,
 which is a measure of the variation within treatment samples and within experimental control samples, i.e. it is a measure of the variation in vegetation response between experimental units (plots/blocks/sites) that are given the same treatment. 
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	the minimum difference between treatment samples and experimental control samples that you wish to detect, e.g.  20% 
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	the mean of the relevant measure (e.g. number of species) from the experimental control samples

	
	
	The formula for calculating an appropriate sample size for your outcome monitoring if experimental units are paired, is:
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	Where:
	is the:

	
	
	s2
	variance of the differences between paired samples (the variance is the standard deviation squared).

	
	
	
	


	Module 12:
	
	Analysing and Evaluating Outcome Monitoring Data

	Introduction

See Appendix 11A for the concepts for analysing data
	
	After you have entered the data into a spreadsheet and checked for errors you should analyse the data by:

4. examining data graphically
5. summarising the change in the abundance and condition of the plant species measured 

6. testing whether vegetation changes over time are significantly different (statistically) between treatments and experimental controls. 

7. interpreting the significance tests.

The analysed data should be evaluated to determine whether:

· outcome targets were met

· weed control brought about the desired conservation outcomes 

· further control work is justified.

Accountability: The Area Manager is accountable for ensuring that data are analysed and evaluated in accordance with this SOP.

Responsibility for analysing and evaluating monitoring data: Either:

· The Conservancy Technical Support Unit.

· The Weed Programme Manager in the Area Office with support from Conservancy Technical Support Officer (Weeds).

	Contents
	
	This module covers:
	Page
	

	
	
	· Creating graphs and charts
	2
	

	
	
	· Summarising the data
	3
	

	
	
	· Statistical analysis of vegetation change
	5
	

	
	
	· Interpretation of data
	7
	

	
	
	Appendix
	
	

	
	
	12A: Example of analysing data in Excel
	

	Creating graphs and charts
	
	The first stage of data analysis is to create graphs and charts. Do this in the spreadsheet where data were entered, see example in Appendix 12A.

· The frequency of each measure taken in the plots (e.g. number of plots having a particular density) may be presented as a histogram. 

· Histograms should be constructed for data collected from treatments and experimental controls both before and after control. They should also be constructed from the change data. In this way, visual comparisons can be made between the change in the vegetation (e.g. density of native species) that occurred for 1) areas where the weed population was controlled and 2) areas where it was not controlled.  

· Put the measure taken along the horizontal axis (i.e. evenly space the range in the number of individuals, e.g. 0, 1, 2, 3, 4, 5) and its frequency along the vertical axis (i.e. the number of plots that had 0, 1, 2, 3, 4, 5 individuals). 

· When monitoring occurs at regular intervals for several years, it is useful to plot the change over time. Data from both treatments and experimental controls may be plotted on the same graph, see see example in Appendix 12A. Time (e.g. in years 2000, 2001, 2002, 2003) is plotted along the horizontal axis and the measured variable (e.g. number of species) is plotted along the vertical axis.

· Graphs and charts allow patterns to be detected. However, further analysis shall be undertaken to enable:

· the underlying variation in the data to be separated from variation due to the control work

· conclusions about differences between experimental controls and treatments to be supported by estimates of confidence.
 

	
	
	

	Summarising the data
	
	Means should be calculated for species richness and abundance to summarise the data from the treatment and experimental control plots over time. Species diversity may also be calculated. See Table 12.1 for definitions of these summary statistics.

See Table 12.2 to determine how plot data should be combined to calculate summary statistics. 

	
	
	Table 12.1: Definitions of statistics that summarise the composition of the vegetation community 

	
	
	Summary statistic
	Definition

	
	
	Species richness
	Number of species in a defined area, e.g. in a 5 m x 5 m plot

	
	
	Species diversity
	The number of species and the number of individuals of each species calculated as an index. The Shannon-Weiner is the most often used measure of diversity


	
	
	Species abundance and population structure
	The number of individuals of species present in defined size classes stages 

	
	
	Regeneration
	The number of seedlings for each species

	
	
	Table 12.2: How plots should be combined to calculate summary statistics

	
	
	If the experimental units are …
	then calculate summary statistics for…

	
	
	plots 


	each site, by averaging the measures for:

· all experimental control plots 

· all treatment plots 

	
	
	blocks (within one site or within several sites that are to be combined)
	each block, by averaging the measures for all the plots within each block monitored

	
	
	sites 


	each site, by averaging the measures from all plots at the site

	
	
	

	Summarising the data continued…
	
	Table 12.3: How data from treatments and experimental controls should be compared

	
	
	If…
	then…

	
	
	all sites or blocks have a similar physical and biotic character


	calculate summary statistics for:

· all treatment sites or blocks combined 

· all experimental control sites or blocks combined 

	
	
	it was possible to pair similar treatment and experimental control sites or blocks 
	data from each pair (collected before control and at various times after control) shall be compared separately

	
	
	Presenting the data
When presenting summary statistics you shall present the:

· sample size, i.e. number of replicates

· mean

· maximum and minimum values

· standard deviation.

See the hypothetical example tabulated below.

	
	Table 12. 4 Descriptive statistics for outcome monitoring hypothetically  undertaken at Kumara Sandspit from 1997-99

	
	
	
	Sample size

	Measure
	Mean
	Min value
	Max value
	Std. dev.

	
	Treat. Plots


	Before control Dec 97
	15
	Tradescantia % cover
	86.3%
	75%
	100%
	9.7%

	
	
	
	15
	Density of native species
	1.7
	0
	3
	1.1

	
	
	After control Dec 99
	15
	Tradescantia % cover
	3.3%
	0%
	25%
	5.9%

	
	
	
	15
	Density of native species
	4
	0
	7
	2

	
	Expt. Control Plots
	Before control Dec 97
	15
	Tradescantia % cover
	87.7%
	75%
	100%
	10.3

	
	
	
	15
	Density of native species
	1.6
	0
	4
	1.2

	
	
	After control Dec 99
	15
	Tradescantia % cover
	94.3%
	75%
	100%
	8.0

	
	
	
	15
	Density of native species
	1.7
	0
	3
	1.1

	Statistical analysis of vegetation change
	
	Tests of significance

· Tests of significance are useful for analysing monitoring data when it is not known whether weed control will change the composition and/or structure of vegetation. This is because the response of the native vegetation to weed control is likely to be unpredictable, i.e. there is not necessarily a measurable cause and effect between control of the weed population and changes in the structure and/or composition of the vegetation. 

· A significance test helps assess if the observed difference in vegetation is greater than what would be expected by chance alone even if there were no weed control.

· The assumptions for carrying out tests of significance are that the experiment is adequately replicated, and that treatments and experimental controls are randomly assigned and dispersed throughout the monitoring area (see Module 5 for explanations of the terminology).
Magnitude of change

· If it can be assumed that weed control will bring about a significant change in the structure and/or composition of the vegetation then you will be more interested in the magnitude of the change (with an indication of the likely accuracy of results).
 

· You can measure the magnitude of the change by calculating confidence intervals about the means of the relevant measures, e.g. number of species.

Standard: Persons shall not undertake statistical analysis without a solid understanding of the technique and the assumptions and limitations of the technique.


	Statistical analysis of vegetation change continued…
	
	· The experimental method in this SOP has been designed for the purpose of determining if there are significant and consistent differences between weed control treatments and experimental controls. Therefore, as long as you follow the standards in Modules 5 and 10, you should be able to test the statistical significance of your data to identify any significant change.

· The main analysis tool for testing the significance of the data is the t-test. The t-test is designed to detect whether an observed difference between two means is greater than what you would expect to see from any two data sets collected from areas where there was no weed control.

Standard: T-tests should be applied to compare change (e.g. in species richness) between treatments and experimental controls over time (if change data does not depart from normality).

Standard: If the actual levels or changes are not normally distributed
 then non-parametric equivalents (Mann-Whitney or Wilcoxon) should be used. Use Wilcoxon for paired data and Mann-Whitney for unpaired data.

Standard: For comparisons between mean change in treatments and mean change in experimental controls you should use independent t-tests or if experimental units are paired, use paired t-tests. This is the direct test of the hypothesis of interest. This requires that for each plot the actual change is generated and used for testing. 

Standard: For comparing mean values between treatments and experimental controls at a single time, you should use an independent t-test or if experimental units are paired, use paired t-tests. Be aware that this DOES NOT test your hypothesis. 

Standard: For comparing mean change between one treatment (e.g. one site) and one experimental control (e.g. one site) you should use an independent t-test or if experimental units are paired, use paired t-tests. Be aware that this DOES NOT test your hypothesis. 

Standard: These t-tests should be carried out in DOC’s statistical package SPSS.
 Refer to the SPSS manual for how to carry out t-tests.

	Interpretation of data

Standard: To meaningfully interpret the analysed data, persons should consult relevant literature and a statistician.


	
	Interpreting significance tests by examining composition

· If species richness and/or abundance significantly differ between treatments and controls over time, then it is useful to identify which species vary.
  

· This should help you to evaluate whether the composition of the vegetation (where the weed has been controlled) is a desirable conservation outcome. 
· For example, calculating the relative abundance of each seedling species indicates which species are regenerating and their relative community dominance.

	
	
	Applicability of the data 

As outcome monitoring is only carried out where the weed population is dense, conclusions cannot be made about the response of the vegetation to weed control at lower densities.
Standard: The results of the experiment shall only be used to evaluate the conservation outcomes of controlling high density weed populations. In general, you should not apply results to areas and sites where outcome monitoring is not conducted.

The spatial applicability of the data depends on the scale over which the experiment was carried out and whether treatments and experimental controls were randomly allocated.
Standard: If outcome monitoring was carried to determine the response of the vegetation to the control of a weed population (e.g. old man’s beard) in one reserve, conclusions from the monitoring data shall only be applied to the site monitored. Generalisations shall not be made for other sites or species. 

Standard: If sites were the experiment unit and treatments and experimental controls were randomly allocated to sites, then conclusions can be made about the conservation outcomes of controlling the weed species (e.g. old man’s beard) in the type of forest reserves that were monitored.

	Interpretation of data continued…
	
	Limitations of significance tests

1. Different sites cannot be expected to have the same mean for measures calculated (e.g. number of species or the density of a particular species). Therefore, it is likely that a significant difference in these measures, between treatment and experimental control sites are unrelated to the removal of the weed.

2. If no difference is found between the means of treatments and experimental controls, it is not necessarily true that no difference exists.

3. Be aware that with large enough sample sizes anything can be made to appear significant. You should define what is the smallest biological difference that is meaningful, e.g. if percentage cover has been used, apparent change must be at least 20% before it can be assumed to represent change other than that caused by seasonal fluctuations or measurement error.
 If you detect a statistically significant difference (between treatments and experimental controls) that is smaller than the defined amount, then the difference is not meaningful biologically.
Being aware of these problems enables you to deal with them, or at least discuss the limitations of your monitoring, for example:

· The design of the experimental method in this SOP somewhat overcomes the first limitation because the differences are being examined over time. If treatments and experimental controls were only compared to each other after control we could not assume the difference related to weed control. However, as we have monitored differences before we can compare these to differences after and therefore measure the size of the treatment effect (and directly test the hypothesis).

· If no difference is found between the means of treatments and experimental controls, but you observed that plots contained different species of different densities after control, you should not just assume there is no difference. In other words, you should not interpret statistical tests in isolation from your ecological and biological understanding of the sites and species. 

· You should examine the power of your experiment by using the calculations in Appendix 11A p. 7. This may reveal that an inadequate number of replicates were set up.


What





Where





When





Why








� This is covered in the Weed Surveillance SOP NH1228.


� See Module 4 and Appendix 4A.


� This is because broom control is only expected to bring about measurable change in the plant community where the broom is having an impact already, i.e. areas where the broom population is dense.


� Advice may be sought from the Conservancy Advisory Scientist, peers, the Science & Research Unit, and Regional Office at any stage.


� For inclusion in business planning.


� Reporting should be done in the same financial year that weed control was carried out; however this will not always be possible. 


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� Remember that monitoring is more than fieldwork. Time needs to be budgeted for planning, fieldwork, analysis and reporting.


� Choquenot, D. and Warburton, B. 1998. How much pest monitoring is enough? Allocation of monitoring resources in pest management programmes. Unpublished Landcare Research Contract Report: LC9899/05 for the Director Science and Research, Department of Conservation, Wellington.  26 p.





� Moore D.S. and McCabe G.P. 1999. Introduction to the practice of statistics. Freeman, New York, 3rd edition 455 p.


� The composition of the native tussockland and shrubland should be explicitly defined within the conservation outcome desired for the site.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� The increase in precision of estimates from subdividing an area diminishes in relation to the extra sampling effort required in a larger number of strata. See Krebs, C.J. 1989. Ecological methodology. Harper and Row, New York. 654 p.





� When you are confident that every infestation of the weed can be located within the control area.


� When the species is so dense that counting along belt-transects is too onerous.


� Where it will add value to your data, measure individuals so they can later be put into defined size/age classes (see Appendix 4A p. 10-12). Also, record dead individuals.


� Record the presence (and percentage cover if practical) of seedlings and seeding adults and distinguish between live and dead foliage.


� Green, R.H. 1979. Statistical methods and sampling designs for environmental biologists. Wiley-Interscience, New York. 257pp.





� If belt-transects are shorter than 100 m in length then establish more belt-transects than the guidelines indicate. For example, if a 5 ha reserve is long and narrow and belt-transects are only 50 m long then 10 belt-transects (rather than 5) are needed.


� This is because more time should be put into counting patches throughout the area compared to sampling within patches.


� See Module 8 p. 8 for the detail of sub-sampling patches. 


� Fowler, J., Cohen, L. and Jarvis, P. 1998. Practical statistics for field biology. Second edition. John Wiley and


 Sons Ltd, West Sussex, England. 259 p.


� Refer especially to: Bonham, C.D. 1989. Measurements for terrestrial vegetation. John Wiley and Sons, Inc. USA. 338 p. 


� Fowler et al. 1998. For the full reference, see p. 1 of this Appendix.


� Fowler et al. 1998. For the full reference, see p. 1 of this Appendix.


� The requirement to take a representative sample is not the same as the need to take a random sample. However random samples will, on average, be representative. Underwood, A.J. 1997. Experiments in ecology: their logical design and interpretation using analysis of variance. Cambridge University Press, Cambridge, England.  





� This method was used to estimate the size of flax clumps in: Reay, S.D. and Norton, D.A. 1999. Phormium tenax, an unusual nurse plant. New Zealand Journal of Ecology 23(1): 81-85. 


� In Hawaii, woody weed individuals are sometimes given a score according to how healthy the cambium is, i.e. healthy dark green (1), unhealthy pale/mottled green (2), mixed green and brown (3), tan brown (4), brown/dead (5) (Personal communication from Pat Bily of The Nature Conservancy in Hawaii, 1999).


� Allen, R.B. 1993. A Permanent Plot Method for monitoring changes in indigenous forests. Landcare Research New Zealand Ltd, Christchurch.


� Ogden, J. and Buddenhagen C.E. 1994. Long term forest dynamics and the influence of possums and goats on kohekohe (Dysoxylum spectabile) forest in the Kauaeranga Valley, Coromandel Peninsula - some preliminary results. In:  Possums as Conservation Pests Proceedings of a workshop on possums as conservation pests. Compiled by Colin F.J. O' Donnell. Department of Conservation, Wellington.


� Mueller-Dombois. D. and Ellenberg, H. 1974. Aims and methods of vegetation ecology. John Wiley & Sons, Inc. New York. 547 p.


� Wiser, S.K. and Rose, A.B.  1997. Two permanent plot methods for monitoring changes in grasslands: a field manual. Landcare Research Contract Report: LC for the Director Science and Research Department of Conservation, Wellington. 51 p.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� The site should be divided into a set number of blocks (see p.7 of this module). If enough blocks cannot be established at one site, then you should find another site or sites of similar vegetation type that can also be divided into controlled and uncontrolled blocks. These may be from other Areas or Conservancies. 


� Sites may be from other Areas or Conservancies.


� This is termed pseudoreplication, see Hurlbert, S.H. 1984. Pseudoreplication and the design of ecological field experiments. Ecological Monographs 54: 187-211.


� If enough blocks cannot be established at one site, then you should find another site or sites of similar vegetation type that can also be divided into controlled and uncontrolled blocks. These may be from other Areas or Conservancies. 


� Sites may be from different Areas or Conservancies. 


� See the tips for circular plots in Module 4 p.9.


� Green, R.H. 1979. Statistical methods and sampling designs for environmental biologists. Wiley-Interscience, New York. 257p.


� This is to ensure that plots are set far enough apart so that controls and treatments do not affect one another, e.g. spray drift from the control method or shading from the weed patch left uncontrolled.


� The area of dense weed infestations defines the size of the block and the size of the monitoring area within the site. The table describes the number of plots required in each block or at each site.


� When a plot is an experimental unit and it is designated as an experimental control, then this distance is relative to the boundary of the buffer that defines the area that is not controlled (rather than the boundary of the plot).


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� When monitoring existing weed control programmes you cannot make conclusions about the response of the vegetation to any control undertaken prior to monitoring.


� Hurlbert, S.H. 1984. Pseudoreplication and the design of ecological field experiments. Ecological Monographs 54: 187-211. See Appendix 4A for definitions of measurement error and bias.


� Wiser and Rose. 1997. See full reference on p. 12 of Appendix 4A. 


� You should report in the same financial year that you did the weed control; however this will not always be possible. Future weed control and monitoring should always be informed by monitoring of previous years.


� Note: The Weed Programme Manager can delegate tasks to any competent staff member. However, remember that it is best practice when the persons who do the monitoring are not the same persons who do the weed control.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� See Module 9 for information on photopoints.


� This will help you understand whether the population has adults that are seeding or seedlings that are regenerating from the seedbank or nearby seed sources.


� The appropriate frequency will depend on the weed population being monitored.


� Note: The Weed Programme Manager can delegate tasks to competent staff members. However, remember that it is best practice when the persons who do the monitoring are not the same persons who do the weed control.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� This will help you understand whether the population has adults that are seeding or seedlings that are regenerating from the seedbank or nearby seed sources.


� This enables you to be more confident about identifying the individuals/clumps damaged/killed by control.


� This will help you understand whether the population has adults that are seeding or seedlings that are regenerating from the seedbank or nearby seed sources.


� Anonymous. 1971. Fixed camera station recording for use by environmental forestry rangers. New Zealand Forest Service Circular.


Elwood, S. 1998. Photopoint monitoring guidelines: Southland Conservancy visitor use and impact management programme. Department of Conservation, Invercargill.


� Note: The Weed Programme Manager can delegate tasks to a competent staff member. However, remember that it is best practice when the persons who do the monitoring are not the same persons who do the weed control.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� Elwood (1998). See full reference on p. 1of this module. 


� Wiser, S.K. and Rose, A.B.  1997. Two permanent plot methods for monitoring changes in grasslands: a field manual. Landcare Research Contract Report: LC for the Director Science and Research Department of Conservation, Wellington. 51 p.


� Photographs (on the reverse) and slides (on the mounts).





� Photographers undertaking replication at the site may feel compelled to move the camera point slightly to achieve what they feel is a better coverage of the subject. However, any change in camera orientation during re-measurement may result in a loss of information. 


� These sheets have been adapted from Elwood (1998). See full reference on p. 1 of Module 9.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� Note: The Weed Programme Manager can delegate tasks to any competent staff member. However, remember that it is best practice when the persons who do the monitoring are not the same persons who do the weed control.


� This should ensure that the plots are dispersed throughout the monitoring area in a restricted random manner and that they can be relocated. 


� See Module 9


� If plots are quadrats (rather than circular) it is particularly important to describe the difference between the marking system for buffers and for plots.


� Blocks may be within one site or be from several sites.


� This is where the weed population occurs at an adequate density, see the specifications for the monitoring area in Module 3 p. 11. There may be several monitoring areas within the site because of the patchiness of the weed population.


� That is, where the weed is dense. 


� This is where the vegetation is similar over an area that is large enough for two plots to be spaced at an adequate distance, so that controls and treatments do not affect one another (see Module 5 p.7).


� That is, where the weed is dense. 


� It is only possible to estimate percentage cover in quadrats (not circular plots).


� See Module 9 for how to best replicate photographs.


� Refer to the following texts if you want guidance on statistical analysis:


Fowler, J., Cohen, L. and Jarvis, P. 1998. Practical statistics for field biology. Second edition. John 


Wiley and Sons Ltd, West Sussex, England. 259 p.


Zar, J.H. 1999. Biostatistical analysis. Fourth edition. Prentice Hall, Inc. New Jersey, USA.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� When examining recruitment be aware that germination can be delayed through dormancy mechanisms of seeds, or through unsuitable weather. Monitoring for recruitment should be done more than once to overcome any time lags. 


� The frequency of monitoring will influence how fast you can respond to unfavourable change and carry out control.


� Zar, J.H. 1999. Biostatistical analysis. Fourth edition. Prentice Hall, Inc. New Jersey, USA.





� Refer to Zar (1999) for the formula for pooled variance. Full reference on p. 3 of this appendix.


� Refer to the following texts for guidance on statistical analysis:


Fowler, J., Cohen, L. and Jarvis, P. 1998. Practical statistics for field biology. Second edition. John Wiley and Sons Ltd, West Sussex, England. 259 p.


Zar, J.H. 1999. Biostatistical analysis. Fourth edition. Prentice Hall, Inc. New Jersey, USA.


� If staff with the required competencies are present in the Conservancy Technical Support Unit (rather than in Area Offices) Area Managers and the Conservancy Technical Support Manager should formulate an agreement.


� Brown, J.B. and Manly, B. 1999. Draft Department of Conservation Statistics workshop notes. Unpublished. 


� For calculating species diversity refer to Rosenzweig, M.L. 1995. Species diversity in space and time. University Press, Cambridge, England.





� Plots are the experimental units.


� Brown and Manly 1999. See full reference on p. 2.  


� Wiser, S.K. and Rose, A.B. 1997. Two permanent plot methods for monitoring changes in grasslands: a field manual. Landcare Research Contract Report: LC for the Director Science and Research Department of Conservation, Wellington. 51 p. 


� See Appendix 11B for an example of normally distributed data.


� For an example of using SPSS to carry out t-tests, see the step by step instructions in Appendix 2 of Brown, J.B. and Manly, B. 1999. Draft Department of Conservation Statistics workshop notes. Unpublished.  Be aware that the data were collected from deer pellet lines rather than from weed monitoring.


� Cairns, J, Jr. 1993. Is restoration ecology practical? Restoration Ecology March 1993: 3-9.


� Brown and Manly 1999. See full reference on p. 2 of this module.


� Taken directly from Wiser and Rose p. 36 (see full reference on p. 5). They sourced this information from Kennedy, K.A. and Addison, P.A. 1987. Some considerations for the use of visual estimates of plant cover in biomonitoring. Journal of Ecology 75: 151-157. 
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