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Preface by George Alcee, Programme Officer Agriculture, OECS Commission
The Surveillance Manual – Plant Pests and Diseases “Surveillance Techniques and Skills for Plant Health
Technicians” was developed because of the urgent need within the Caribbean plant health systems, for a
nationally coordinated and targeted surveillance system that supports the early detection of new pests;
reporting of pest free areas and areas of low pest prevalence; and enhances pest incursion responses.
The International Plant Protection Convention (IPPC) requires countries to report on the occurrence,
outbreak, and spread of pests with the purpose of communicating immediate or potential danger. National
Plant Protection Organizations (NPPOs) have the responsibility to collect pest information by surveillance
and to verify pest records collected. The provision of reliable and prompt pest reports confirms the
operation of effective surveillance and reporting systems within countries.
Currently, there is no formal comprehensive system of surveillance in operation in the Caribbean region.
No single organization is dedicated to plant pest survey activities for the detection, delimitation or
monitoring of established pests, or for the detection of new pests that may be introduced. Consequently
there are major gaps in pest records and a sparsity of information on pest status. This limits the ability of
the countries in the region to detect and respond to pest incursions as well as to fulfil their obligations to
trading partners and international regulatory and standard setting bodies.
In light of improving the plant health systems in the region, the Organization of the Eastern Caribbean
States (OECS) in collaboration with the Caribbean Plant Health Director‟s (CPHD) Forum with funding
from the European Union (EU) endeavoured to fill this important need within the Caribbean by producing
this manual. The Surveillance Manual covers key areas such as: What is Surveillance, Need for
Surveillance, Planning a Survey, Developing Survey Protocols, Developing Field Procedures, Developing
Laboratory Procedures, and Preparing Public Awareness Information.
The Manual has a user friendly design and incorporates many pest and disease examples that significantly
impact the region, up to the time of documentation.
This Surveillance Manual does not pretend to have an exhaustive list of all the surveillance activities, but
represents a start towards educating the stakeholders in the region.
Finally we would like to acknowledge the United States Department of Agriculture Animal and Plant
Health Inspections Services International Service (USDA APHIS) Office in Trinidad for the logistical
support for the completion of this manual.
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Chapter 1
Surveillance
1.1 Why do we need to do surveillance?
We need to do surveillance for many reasons; amongst these are the fulfilment of our international
obligations as signatories to international treaties and conventions, namely:

 The International Plant Protection Convention (IPPC) and the Convention on Biological Diversity
(CBD) require its signatories to develop surveillance capabilities to facilitate transparency in
international trade and preserve their biodiversity.

 The CBD is a global, comprehensive agreement addressing all aspects of biological diversity:
genetic resources, species, and ecosystems. Signatories are obligated to uphold Articles 7(c), 8(l),
8(h) and 8(k) of the CBD, with regards to surveillance activities. That is, signatories must:
 identify/ monitor/ regulate or manage activities that are likely to have significant adverse
impacts on the biological diversity;
 prevent the introduction/ control or eradicate alien species which threaten ecosystems/ habitat/
species; and
 develop or maintain necessary legislation and/or other regulatory provisions for the protection of
threatened species and populations.

 The IPPC is an international treaty to secure action to:
 prevent the spread and introduction of pests of plants and plant products, and
 promote appropriate measures for their control whilst minimizing technical barriers to trade.
The IPPC is governed by the Commission on Phytosanitary Measures, which adopts the
International Standards for Phytosanitary Measures (ISPMs). The IPPC is one of the three standardsetting bodies whose rules are accepted by the World Trade Organization‟s (WTO) Agreement on
the Application of Sanitary and Phytosanitary Measures (the SPS Agreement) (Article 3 and Annex
A: 1(c)). The IPPC is recognized as the only international standard setting body for plant health.

 The World Trade Organization (WTO) operates a system of trade rules that provide the legal
ground-rules for international commerce between nations at a global level. The WTO is the
successor to the General Agreement on Tariffs and Trade (GATT) which had been in existence
since 1947 as the organization overseeing the multilateral trading system.

 The Agreement on the Application of Sanitary and Phytosanitary Measures (SPS), entered into
force with the establishment of the WTO, concerns the application of food safety and animal and
plant health regulations. Signatories responsibilities/obligations with regards to surveillance are
outlined by IPPC Article I: 1 and 4; Article IV: 2(b), 2(e), 3(a) and 3(b); Article VII: 2(a), 2(g), 2(i),
2(j), 3, 4 and 6; Article VIII: 1(a), 1(b), and 1(c), and ISPMs No. 4, No. 6, No.8, No.10, No. 19 and
No. 22.
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What is surveillance?

The IPPC‟s ISPM No. 5 defines:
Surveillance as:
An official process which collects and records data on pest occurrence or absence
by survey, monitoring or other procedures.
A survey as:
An official procedure conducted over a defined period of time to determine the
characteristics of a pest population or to determine which species occur in an area.
Monitoring as:
An official ongoing process to verify phytosanitary situations.
A monitoring survey as:
Ongoing survey to verify the characteristics of a pest population.
Box 1 Definition of surveillance
Pest surveillance

 involves
 looking for and
 recording the
 presence
 absence
 distribution and
 population levels of a pest;

 is conducted
 over a period of time
 in a scientific manner.

1.3

What is the purpose of surveillance?

The aim of surveillance is to supply current data on:

 pest presence and distribution, to fulfil the measures under the SPS Agreement, namely:
 to prevent technical barriers to trade (Relevant IPPC Articles: IV 2(b), IV 2(e) and VII 2(j) and
ISPMs: No. 6 and No. 8), and
 to minimize interference with international trade in fulfilment of the:
 transparency clause (Relevant IPPC Articles: VII 2(c), 2(i)and 2(j), VIII 1 and 1(a));
 pest listing clause (Relevant IPPC Article VII 2 (i) and ISPM No. 19); and
• early detection of pest
• generate and maintain pest list;
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 pest free areas (pest free places of production (PFPPs) and pest free production sites (PFPS)) and
areas of low pest prevalence (Relevant IPPC Article II and ISPMs: No. 4, No. 8, No. 10 and No. 22)
and reporting obligations.
IPPC‟s ISPM No. 5 defines:
A pest free area as:
An area in which a specific pest does not occur as demonstrated by scientific
evidence and in which, where appropriate, this condition is being officially
maintained.
An area of low pest prevalence as
An area, whether all of a country, part of a country, or all or parts of several
countries, as identified by the competent authorities, in which a specific pest occurs
at low levels and which is subject to effective surveillance, control or eradication
measures.
The main objectives of surveillance are to:

 conduct surveillance on:





pests of quarantine importance
alien invasive species
pests of economic and/or farming importance, and
natural enemies of pests

 develop and maintain a database and geographic information system which captures vegetation/
pest species surveyed and inspection details.

 provide information





on pest presence/absence (pest lists: national, regulated non-quarantine, quarantine)
for the conduct of pest risk analyses
to establish pest free areas
to facilitate transparency in international trade in fulfilment of obligations as a signatory to the
WTO SPS Agreement.

The expected outputs of surveillance are to:

 develop a database on pest presence/absence (current pest lists: national, regulated non-quarantine,
quarantine)

 illustrate the distribution of these pests presence using Geographic Information Systems
 illustrate and report on pest free areas
 provide pest incidence and distribution information to assist in determining management strategies
for pests and

 promote transparency in trade thereby increased confidence with trading partners.
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Box 2 Benefits of surveillance
1. Early detection of pest which allows for a rapid and effective response:
a. Eradication – the application of phytosanitary measures to eliminate a pest from an area.
b. Containment – the application of phytosanitary measures in and around an infested area to
prevent spread of a pest.
c. Management or suppression - the application of phytosanitary measures in an infested area to
reduce pest populations.
2. Expanding market access as markets requires evidence of:
a. Pest free area – illustrate the absence of pest.
b. Area of low pest of prevalence - An area, whether all of a country, part of a country, or all or
parts of several countries, as identified by the competent authorities, in which a specific pest
occurs at low levels and which is subject to effective surveillance, control or eradication
measures.
3. Improved pest management as surveys allow one to detect population levels to determine when
economic threshold is reached to warrant intervention.
4. Informed pest status a. Commodity pest list - A list of pests occurring in an area which may be associated with a
specific commodity.
b. Host pest list - A list of pests that infest a plant species, globally or in an area.
c. National pest list – compilation of a list of pest occurring in a country.
d. Quarantine pest list - compilation of a list of pest not present in a country or may be present but
under eradication or control.
e. Natural enemies presence/absence
5. Examine for quarantine breaches - high risk sites - where pest will spread upon breaching
quarantine.

1.4

What are the ISPM’s that provide general guidelines/standards for surveillance?

The WTO Member Countries must abide by the trading rules set by the WTO and the three recognised
standard setting bodes: the Office International des Epizooties (OIE, which is the World Organisation for
Animal Health), the Codex Alimentarius (which protect the health of consumers and ensure fair practices
in the international food trade) and the IPPC (which regulates plant health in international trade). These
standard setting bodies set standards/ guidelines to conduct trade safely with the least risk to Member
Countries.
The Commission of Phytosanitary Measures of the IPPC has adopted a number of international standards/
guidelines that Member Countries must follow to trade in plant and plant products. The following ISPM‟s
are those that must be adhered to with respect to surveillance and aspects of surveillance that impact on
pest presence and distribution:

 ISPM No. 6 - Guidelines for Surveillance
http://www.acfs.go.th/sps/downloads/13717_ISPM_6_E.pdf

 ISPM No. 8 - Determination of Pest Status in an Area
http://www.acfs.go.th/sps/downloads/13730_ISPM_8_E.pdf
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 ISPM 26 - establishment of pest free areas for fruit flies (tephritidae)
http://www.acfs.go.th/sps/downloads/133631_ISPM26_2006_E.pdf

 Fruit fly trapping Annex 1 to ISPM No. 26
http://faperta.ugm.ac.id/perlintan2005/puta_files/attach/ISPM%20DraftAnnex1FFtrapping.pdf

 Draft ISPM for member consultation: Establishment of areas of low pest prevalence for fruit flies
(tephritidae)
https://www.aphis.usda.gov/import_export/plants/plant_exports/downloads/draft_ispm_ff_alpp.pdf

1.5

What are the types of surveillance activities?

ISPM‟s 5 and 6 defines various types of surveillance activities:

 General survey
is a process whereby information on particular pests which are of concern for an
area is gathered from many sources, wherever it is available and provided for use
by the NPPO.
For example, in compiling the national pest list the NPPO reviews literature from many sources:
published literature (journals, books); unpublished literature (departmental records: annual reports,
diagnostic reports); trade reports (interception records); etc.

 Specific surveys
are procedures by which NPPOs obtain information on pests of concern on specific
sites in an area over a defined period of time.
For example, the conduct of a survey for a particular pest – giant African snail - in a specific area –
high risk areas - over a specific time to determine pest presence/ prevalence. Specific surveys are
conducted for regulated quarantine pests (that is, pests not known to be present in a country).

 Targeted or Detection survey
Survey conducted in an area to determine if pests are present.
For example, the conduct of a detection survey for a specific pest on a specific commodity grown
in a particular area from which the commodity to be traded is grown. Targeted or detection surveys
are used to monitor regulated quarantine pests at high risk sites to confirm that pest is still absent or
if it has been recently introduced.

 Delimiting survey
Survey conducted to establish the boundaries of an area considered to be infested
by or free from a pest.
For example, upon the detection of a pest, a survey is conducted around the index case to establish
the extent of infestation. Delimiting surveys are used upon detection of a new introduction of a
regulated quarantine pest or alien invasive species.

 Monitoring survey
Ongoing survey to verify the characteristics of a pest population.
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For example, upon the imposition of a control measure on a target pest a survey may be conducted
to collect data on the pest‟s response. Monitoring surveys are used to determine the pest population
characteristics upon the introduction of a biological control agent to reduce the pest population.
Other types of surveillance are:

 Active survillance
deliberate, coordinated effort by pest management personnel looking for the pest.
For example the conduct of any of the surveys listed above.

 Passive surveillance
activities where public, farmer, other industry personnel notify on pest presence;
usually done through hotline, emails, farm visit records, interception reports,
diagnostic reports.

 Pathway surveillance
surveys that target high risk sites to look for pests at specific intervals/time.

1.6

What are the key terms used in surveillance?

Standardization of the terms used in reporting surveillance results allow for better communication between
the plant regulatory personnel of trading partners. The vocabulary as defined by ISPM 5 used in
surveillance is:
1.
Endangered area - an area where ecological factors favour the establishment of a pest whose
presence in the area will result in economically important loss.
2.
Ecosystem - a dynamic complex of plant, animal and micro-organism communities and their abiotic
environment interacting as a functional unit.
3.
Entry of a pest - movement of a pest into an area where it is not yet present, or present but not
widely distributed and being officially controlled.
4.
Establishment of a pest - the perpetuation, for the foreseeable future, of a pest within an area after
entry.
5.
Habitat - part of an ecosystem with conditions in which an organism naturally occurs or can
establish.
6.
Host range - species capable, under natural conditions, of sustaining a specific pest or other
organism.
7.
Incursion - An isolated population of a pest recently detected in an area, not known to be
established, but expected to survive for the immediate future.
8.
Introduction (of a pest) - The entry of a pest resulting in its establishment.
9.
Occurrence (of a pest) - The presence in an area of a pest officially recognized to be indigenous or
introduced and not officially reported to have been eradicated.
10. Outbreak (of a pest) - A recently detected pest population, including an incursion, or a sudden
significant increase of an established pest population in an area.
11. Pathway - any means that allows the entry or spread of a pest.
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Pest - any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or plant
products.
Pest introduction - the entry of a pest resulting in its establishment.
Pest record - A document providing information concerning the presence or absence of a specific
pest at a particular location at a certain time, within an area (usually a country) under described
circumstances.
Pest risk - the probability of introduction and spread of a pest and the magnitude of the associated
potential economic consequences.
Pest status on an area - presence or absence, at the present time, of a pest in an area, including
where appropriate its distribution, as officially determined using expert judgement on the basis
of current and historical pest records and other information.
Quarantine pest - a pest of potential economic importance to the area endangered thereby and not
yet present there, or present but not widely distributed and being officially controlled.
Regulated area – An area into which, within which and/or from which plants, plant products and
other regulated articles are subjected to phytosanitary regulations or procedures in order to
prevent the introduction and/or spread of quarantine pests or to limit the economic impact of
regulated non-quarantine pests.
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Chapter 2
Planning a survey
2.1 What are the requirements needed to plan a survey?
In order to conduct any type of survey, one must devise a survey plan or protocol. The survey protocol
must be practical, scientifically and technically sound, feasible and cost effective. The survey protocol
tells the surveyor how, where, what, how many, when and why. The survey protocol consists of:






Field manual
Laboratory manual
Stakeholder awareness

Data sheets
In Chapter 3 we will devise the survey protocol. This chapter describes what needs to be considered in
devising the survey protocol.
Box 3 What the surveyor and diagnostician need to know?
How to:
conduct the survey; collect sample; package sample; transport/ship sample; process sample in laboratory
Where to:
look for sample; take or collect sample; send sample
What:
to look for in a sample; to do in collecting the sample; precautions to take so as not to be an agent of
spread of pest and disease; questions to ask (data to collect); are the objectives of the survey
How many:
samples to collect; farms to sample; host to sample
When:
to conduct the survey
Why:
the survey is being conducted

Basic information required for planning any type of survey is:
a. Technical package on the pest (biology, life cycle, host, habitat, natural enemies, etc.)
b. Host distribution (or list of farms or list of roads)
c. Environmental data
d. Population dynamics
e. Map
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a.
Technical package
The technical package on the pest informs on the pest. It lays the foundation of sound science upon which
the survey will be based. It provides justifications or rationale or reasoning for the particular actions in the
protocol. It provides identifying details of the pest, its symptoms, means of diagnosing, and natural
enemies. Box 4 list the contents a technical package should contain.
Box 4 Technical Package: Cover and Table of Contents
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Box 5 Sources of literature to assist in developing technical packages
i.
USDA_APHIS New Pest Response Guidelines
http://www.aphis.usda.gov/wps/portal/aphis/resources/manualsandguidelines/
ii.
Diagnostic Protocols, Handbooks and Contingency Plans from Plant Health Australia
http://www.planthealthaustralia.com.au/wp-content/uploads
iii.
National Centre for Integrated Pest Management http://www.icar.org.in/files/
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b.
Host distribution / list of farms
The distribution of host plants will indicate the potential areas the pest may be found or can spread.
c.
Environmental data
Environmental data indicate the potential areas that will favour the pest‟s establishment, thus where the
pest can be found or spread.
d.
Population dynamics
Some pests may be introduced through ethnic population or visitors. Identifying ethnic settlements can
assist in identifying high risk areas of likely introduction of exotic pests.
e.
Map
Human and financial resources are usually the limiting factors that determine the intensity of sampling in
the survey design. Geographic information systems allow us to combine the various factors to be
considered in designing the survey methodology in a systematic manner to inform on the minimal areas
that may be sampled to inform on pest presence and distribution based on sound science.
In its simplest form, a map of the country is used and each factor is overlaid, like a transparency, and the
intersecting areas of pest-host-environment-human interaction illustrate the sites most suitable for the
pest‟s introduction, establishment and spread.

2.2

How the factors affect the survey design?

When developing the survey design, it is critical to strike a balance with needed efficacy and available
resources. Many factors will influence the survey design: ranging from the
Efficacy
biology of the pest to available resources and political/administrative processes.
This manual is to be used as a framework for the planning and executing of
surveys. The goal of this section is to provide the information in determining the
Resources
needed resources to accomplish the survey.
Factors that affect the survey design include those of the:
a.
Pest-host-environment-human interaction that determine the sites (HIGH RISK AREAS) that a
particular or target pest may be introduced, established, found or spread such as:

 Host – number of, distribution, commercial management practices affect survey design.
The number and distribution of host plants influence the survey sampling design as it informs on
the sites to be sampled. It will assist in determining what will be the smallest unit of area to be
sampled. For example, the smallest unit to be sampled vary with the pest, viz:
 pest of food crops – farm;
 pest of storage crop – warehouse, supermarket;
 pest of ornamentals – malls, parks, etc.;
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 pest of a backyard plant - a household plot along roadway.

 Pest – ecology, habitat conditions, biology and life cycle, previously reported presence and
distribution, transmission and spread, natural enemies and their distribution – influence the areas at
risk. The mode of attack, time of attack, prevalence, and symptomology displayed influence the
timeline for the survey.

 Environment - climatic and physical suitability that will allow for the sustenance of the pest and
completion of its life cycle.

 Human – explores the likelihood that the pest can be dispersed by human through the commodity
pathway (seed/planting material suppliers, nurseries, packing house, ethnic settlement or visits,
marketers, workers/equipment operators/extension officers, waste disposal). This risk is usually
summarised in the PHYTOSANITARY RISK - PATHWAY OF INTRODUCTION. The
phytosanitary risk is usually rated „low‟, „moderate‟ or „high‟ and is based on the probability of the
pest‟s entry, establishment, spread and consequences. The overall risk rating is also used to
prioritise pest for surveillance, when resources are limited.
b.
Laboratory processing capacity - The size of the laboratory‟s physical infrastructure determines
the space available for processing samples for identification. For example if rearing is required, the area
will determine the number of jars that can be accommodated, hence the number of samples that can be
processed at a given time.
c.
Human resources available for conducting survey and processing samples in the laboratory.
Usually there are more personnel available to conduct the survey, but the laboratory staff may be
restrictive and therefor the survey duration will be restricted by the laboratory‟s processing capacity.
d.
Timeline available for conducting survey which is determined by the pest life cycle; pest-host
interaction: when pest most actively found or symptomology expressed; pest management programmes;
and climatic conditions – some pests are best observed during a dry spell others require high moisture and
humidity.
e.
Economics – of the survey is the economic/political/social impact of the pest versus the cost of
surveillance.

2.3
2.3.1

Developing the sampling methodology
What are key terms used and their meaning?

Standardization of the language used in the conduct of surveillance will facilitate better understanding and
thus trust amongst plant regulatory personnel of trading partners. The common terms used in describing
the survey design and their meaning and relevance are listed below.
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Sampling – is an information collection tool. It refers to the
process of selecting a representative portion of the
population. The observations obtained from studying the
sample are then used to make inferences about the
population. Sampling determines how credible and/or reliable
the results are.
Sample –is a subset of the members from a larger population that is collected and analysed to make
inferences. For example, in studying Black Sigatoka Disease on Musa – the sample is the
infected Musa leaf.
Sampling unit – can be defined as the smallest unit, from which information is gathered. In the
above example, is the smallest unit the Musa plant or the farm? Usually, the smallest unit is the
farm as a number of leaves from different varieties can be selected from the farm. The data will
be analysed on a per farm basis and not a per plant basis.
Size of Sample – is defined as what constitute a sample. What will be collected: a whole leaf, part
of the leaf or five leaves to study from the farm? The size of the sample can be stated as: collect
3 pieces (6‟‟x 6‟‟) of infected leaf from each Musa variety present on the farm.
Sample size – is defined as the number of members of the population being studied or the
number n of sampling units that are selected from the population; for example 350 farms from
the 1000 sweet potato farms registered will be examined for Megastes. Generally, the larger the
sample size, the greater the likelihood the sample will be representative of the population.
Sampling intensity – is defined as the proportion/ percentage of the population being sampled.

Sampling techniques

The sampling methodology is a major part of the survey design. The sampling method or technique
chosen is determined by the aim or purpose of the survey, factors affecting the survey design as stated in
Section 2.2 and the resources available. Sampling techniques can be broadly classified into probability
and non-probability sampling as described in Box 6. Each sampling technique is briefly described and an
example of how it can be applied in plant protection is given.
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Box 6. Classification of sampling techniques

Random sampling - Each individual of the study population has
an equal probability or chance of being selected.
Assign each individual a number:
 place in a hat, draw the required number of samples out; or
 select the required number of samples using a random
number table; or
 select the individuals randomly generated by the computer.
This is the most frequent method used in all surveys.
Systematic sampling - the Nth individual is sampled.
Assign each individual a number, randomly select the starting
point then, every Nth occurrence, for example every 3rd
individual. Care must be taken to ensure that the list does not
contain any hidden order – age, sex, variety, etc.
This method is often used in surveys where the host (a backyard
plant or ornamental) is distributed along the roadways. The
survey design usually is a x km grid and in each grid the major
or minor road is selected to be surveyed depending upon the
distribution of the host. A random point along the road is chosen
to begin the survey and thence every Nth km thereafter.
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Stratified sampling - is achieved by separating the population
into non-overlapping groups called strata and then obtaining a
proportional simple random sample from each group. The
individuals within each group should be similar in some way.
Assign each individual in a group based on a characteristic, for
example: varieties, land owners and squatters; pesticide use and
organic farming, then randomly select individuals from each
stratum.
Cluster sampling - is achieved by selecting all individuals within
a randomly selected collection or group of individuals.
This technique is used when the population is already broken up
into clusters or groups and each cluster represents the
population. The clusters are numbered and then clusters are
randomly selected. Usually practiced in inspecting imports at the
port – only a number of crates/boxes (clusters) are opened and
inspected; not all.
Convenience sampling is using the most convenient or readily
available individuals to get a gross estimate of the results.
The individuals are chosen because they are present, for
example, all solanaceous crops received in the laboratory for
diagnosis will be used in the study.
Judgment sampling selects the sample based on judgment.
The sample is chosen because it has the desired trait that is being
studied. This is used in detection surveys. The sample is chosen
because it exhibits the typical symptoms/damages expressed by
the pest infestation.
Quota sampling selects the first individual that meets the criteria
until the desired number of samples is obtained.
The criteria are set by the surveyor as in judgement sampling.
But here, only a specified number of samples or quota is desired.
For example, 5 leaf samples displaying the desired symptoms
from each variety of Musa present on the farm will be collected.
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Snowball sampling relies on referrals from initial subjects to
generate additional subjects. A small number of individuals with
the desired trait is identified and used to find others who in turn
identify others.
It is used in surveillance when performing trace backs and trace
forwards to track the origin of the pest infestation and predict
the further spread, respectively.
Box 7.
i.
ii.
iii.
iv.
v.
vi.

Easy Reading in sampling and sampling techniques
http://www.statpac.com/surveys/index.htm#toc
http://stattrek.com/survey-research/sampling-methods.aspx?Tutorial=AP
http://www.dissertation-statistics.com/sample-size.html
https://faculty.elgin.edu/dkernler/statistics/ch01/1-4.html
https://explorable.com/what-is-sampling?gid=1578
https://www.surveymonkey.com/mp/sample-size-calculator/

2.3.3

Detection tools

The survey protocol must also consider the type of detection practices that are required with respect to the
target pest. Detection practice can differ with the type of pest: pathogen, insects, weeds, mollusc, mites
etc. In detection surveys, for most types of pest, visual inspections – where the surveyor is actively
looking for the signs/symptoms/damages caused by the pest - are necessary, however for mobile pests –
gastropods and insects - active and passive capture methods are used. Box 8 summarizes the detection
practices for the various types of pests.
Box 8. Detection practices commonly used for the various pest types
PEST
DETECTION PRACTICE
Pathogens (fungi, bacteria, viruses,
Visual inspection looking for characteristic
viroids, phytoplasmas, mycoplasmas)
symptoms
Nematodes
Soil sampling
Weeds
Visual
Insects
Visual and/or active or passive capture
Gastropods (slugs and snails)
Visual and/or active or passive capture
For a listing of many USDA approved survey methods: http://caps.ceris.purdue.edu/approved-methods
Active capture is defined as a method which requires the surveyor to be involved in the collection
process. Passive capture is defined as a method which doesn‟t require a collector. Each method has some
equipment needs associated. Thus in planning the survey design, it is important to consider the collection
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methods because it will impact on the diagnosis and resources required. Below is a small list of
commonly used equipment.
a.

Active capture equipment
1. ASPIRATOR – used to capture small and fast moving insects,
which is easily collected by hand. It comprise of a vial, a tight
fitting cork, rubber stopper, or other cap with two metal tubes
running through it (Fig. 1). One tube has a rubber hose with a
mouth piece on the outer end and a piece of fine mesh covering
the end inside of the vial which prevents insects being sucked
into ones mouth. The other tube is longer and flexible to collect
the insect. To collect insects, one sucks air through the rubber
hose and points the other tube at the insect - the insect is sucked into the vial

Fig. 1

2. NETS - There are three types of insect collecting nets: aerial, sweeping, and aquatic. A collecting
net is composed of a net bag made of cloth or fine mesh that is attached to a wire hoop, affixed to a
wooden or metal pole.
i. Aerial nets are used for flying insects or those perched on something
(bees, wasps, dragonflies or butterflies). The bag is made of a white or
black tightly meshed material - soft nylon, organza, cotton or silk (Fig.
2). Larger hoops are used for large and fast moving insects; and
Fig. 2
smaller hoops are used for smaller insects. The handle is made of
lightweight aluminium or wood and is extendable.
ii. Sweep nets are used to sweep through vegetation to collect insects not
easily seen (Fig. 3). The bag is made of unbleached, heavy, sturdy,
close-weave twill material - sailcloth, canvas, muslin - to drag through
dense vegetation without being damaged. The handle needs to be more Fig. 3
iii.

iv.

sturdy and heavy and usually made from wood.
Aerial/ sweep nets are multipurpose general collecting nets that can be
used as aerial nets or sweeping through dense vegetation (Fig. 4). The
bags are made from a combination of heavier cloth with the apical
third of the bag of fine mesh material.
Aquatic nets are used to drag through the substrate of aquatic habitats,
collect and deposit the material into a large white pan to sort through.
The bags are made from a heavy duty material. The hoop is a Dshaped, square to triangular thick wire hoop. The handle is long and
heavy.

Fig. 4

Fig. 5

3. BEATING TRAY – is a simple white heavy duty cloth stretched over a circular hoop or over a
frame of two crossed sticks (Fig. 6 and 7). It can be placed on the ground or held in place under
branches, shrub etc. to catch the insects. The vegetation is “beaten” with a stick or shook to
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displace the insects to fall onto the beating tray. The insects are then collected by hand. It is used to
collect insects which are difficult to spot by casual observation. Beating sheets can vary in size, but
a typical beating sheet would be about 3 feet square.

b.
Passive capture equipment
Passive capture usually employs a trap with an attractant. The attractant manipulates the insect‟s sense of
sight and /or smell. Some insects have an affinity for light or scent for finding food or mating. Traps can
be an important tool in plant protection for pest detection or in its management. When traps are used as a
tool to control pests, trap efficiency is related to the mobility of the pest, pest population density,
attractiveness of the attractant and the trapping density. Trap design is influenced by the biology of the
target pest. The basic types of traps used in general agriculture practices are listed below.
1. PITFALL traps - are tools for detecting walking and crawling soil
and litter inhabiting arthropods. A pitfall trap is a container that is
sunk into the ground so that its rim is flush with the soil surface. It
is covered to keep rain out (Fig. 8). Insects and other arthropods are
captured when they fall into the trap. Pitfall traps usually contain a
killing / preserving agent such as anti-freeze, soapy water, or ethyl
Fig. 8
alcohol to prevent the pest from escaping or preying on each other. https://en.wikipedia.org/wiki/Pitfall_trap
For more on pitfall traps: http://pubs.ext.vt.edu/444/444-416/444-416_pdf.pdf
2. BAIT STATION OR ATTRACT AND KILL traps – uses a food source (proteins, sugars, fruit,
piece of plant tissue, or yeast) as the attractant to lure the pest in. The success of the bait trap
depends on the bait, the better the bait, the better the catch; poor sanitation will negate its
effectiveness. Bait stations are often used in control activities (fruit flies) but for animals like snails
and slugs they can be used in detection or delimiting surveys. Traps vary in shape, size,
construction, and colour based on the behaviour or ecology of the target pest. It consists of a bait or
lure, entry and some mechanism for holding the pest. The trap doesn‟t have to be expensive. It can
be constructed of simple materials as shown in Fig. 9.
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3. LIGHT traps – uses different wavelength of light as the attractant to lure the pest in. Traps vary in
shape, size, construction, light source/colour based on the behaviour or ecology of the target insect
and some mechanism to trap the pest – soapy water in a bulk container or glue on sticky traps (Fig.
10). For example, brightly coloured sticky traps can be: covered or enclosed structures; has soapy
liquid or insecticide or an adhesive that causes the insect to stick on the panel. Traps can be
suspended or placed on the ground. Traps with green light are used for Euscepes postfasciatus.
Fig. 10

4. PHEROMONE traps – uses semiochemicals to attract the target insect. Pheromones are
semiochemicals produced and released by the organism that enable it to communicate with other
members of its own species to affect their behaviour; some examples are:



Alarm pheromone – cause the insects to move toward the region of increasing concentration,
their response changes to one of alarm, then they hasten their efforts to remedy the
disturbance – examples seen in ants and honey bees.



Trail pheromone – release to map /guide the others members of its own species especially in
searching for food.



Repellent pheromones – release to keep other insects away.
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Queen pheromone – release by queen bee to induce the workers to feed and groom her;
inhibit the workers from building queen cells and rearing new queens; and inhibit ovary
development in the workers.



Aggregation pheromones – usually male-produced sex attractants which causes both sexes to
arrive or aggregate to the site. Found in many family Coleoptera, Dictyoptera, Hemiptera,
Homoptera and Orthoptera.



Sex pheromones – released by the female to attract its mates.
The majority of lures used in agriculture are based on sex pheromones. It can be used to attract the
males or caused confusion in the males, that is, "disrupt communication" thus preventing the sexes
from meeting and mating. Sex pheromones can be used in surveys for early detection and in
delimiting surveys. Sex pheromones are sex-specific and will not attract males and females; will
not attract immature insects and are specific to a certain group of insects. Sanitation is key to its
success.
Pheromone traps can be constructed as in the light trap but the pheromone is usually hung inside
the trap to attract the insect inside. The pheromone is impregnated in a release device often a septa,
capsule or string. Soapy water or insecticide can be used to kill the insect. Sticky glue surface can
also be used to hold/trap the insect. Fig. 11 shows an assortment of traps using pheromones to
attract the pest.
Fig. 11

Traps may utilise any combination of techniques above. Box 9 gives a listing of references to assist in
determining the pest capture method.
Box 9.
i.

ii.

iii.

Sources of literature to assist in determining the most appropriate insect capture
method/tools
Insect collection methods by Joe MacGown available at
http://mississippientomologicalmuseum.org.msstate.edu/collecting.preparation.methods/Collecti
ng.methods.htm#.Vfy_St9Viko
Insect trapping guide by A.J. Gilbert et al available at
https://www.cdfa.ca.gov/plant/pdep/Insect_Trapping_Guide/docs/Insect_Trapping_Guide_web.
pdf
http://www.pherobase.com/
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Box 10 is an example of how traps can be used to perform surveillance or monitor for fruit flies. Box 11
provides links to references that may be helpful in planning and executing surveys on fruit flies.
Box 10. Fruit fly trapping
The IAEA‟s Trapping Guidelines for Area-Wide Fruit Fly Programmes states that Tephritid fruit flies
cause devastating losses to fresh fruits and vegetables, thus having a great impact on international trade in
agricultural produce. As major quarantine pests, control of fruit flies usually involve area-wide national or
regional (trans-boundary) control programmes. The IAEA‟s trapping guidelines provides strategic
guidance and direction on where and how to implement surveys in support of fruit fly control and
quarantine activities. Some of these are briefly described below for fruit flies trapping in the OECS and
the wider Caribbean.



Traps used in fruit flies trapping
1.
Mc Phail - is a glass trap with a water reservoir (Fig. 12). Flies
enter from below through the opening and drown in the solution.
The trap is baited by filling the reservoir with water and Torula
yeast and borax pellets. Water is added to the level just below the
inside lip of the trap so that minor tilting of the trap will not cause
spillage. Usually used against Anastrepha spp., Bactrocera spp.,
and Ceratitis spp.
2.
Multi Lure - consists of an inverted funnel base and a transparent
cover on top with a plastic dispenser holder for the pheromone
(Fig. 13). A soap water solution is placed inside the inverted
funnel. Insects are attracted to the pheromone and enter the trap
through a hole in the inverted funnel base. Once inside the trap,
insects fly around the cover, until exhausted and fall into the soap
water solution contained in the inverted funnel base where they
drown.
3.
Jackson – consists of a body made of waxed cardboard material
that is folded into a delta shaped object (Fig. 14). The lure is
placed on a cotton roll wick, supported inside the trap by a wire
wick holder. A sticky insert on the bottom captures flies. The
wire hanger placed at the top of the trap body is used to suspend
the trap.



Lures/attractants used in fruit flies trapping
Lures that can be used are food and pheromones. It can be used alone or in combination.
a.
Torula yeast - is a food attractant, high in protein. It is a tool widely used in detection and
delimiting survey, for all fruit flies.
b.
3-component lures are synthetic food lures that attract primarily female flies. They consist of
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putrescine, ammonium acetate, and trimethylamine patches. They are used for Mediterranean
fruit fly (Medfly) trapping.
Tri Med Lure – is a synthetic female pheromone that disrupts communication such that the
males cannot find the females to mate with. It is expensive and quite volatile. It is used in
detection and delimiting survey for Medfly.
Cue lure - is a synthetic kairomone, a very potent male insect attractant for Bactrocera fruit
flies. It has not been isolated as a natural product. However, it is the most potent attractant
for B. curcubitae males and used worldwide in its detection.
Methyl eugenol – is a kairomone used to attract many species of the Subfamily Dacinae. The
chemical occurs naturally in more than 450 plant species. It is widely recognized as the most
powerful male lure currently in use for detection, control, and eradication of any tephritid
species. It is used to detect infestations of Bactrocera dorsalis or for male annihilation or
killing of sexually immature males before they were able to mate with females.

The lure, trap and target pest association can be summarised as:
Lure
Torula Yeast Pellets
3 Component
Tri Med Lure
Cue lure

Trap
McPhail
trap
Multi Lure trap
Multi Lure trap
Jackson trap
Jackson trap

Methyl Eugenol

Jackson trap

Target
Anastrepha, Bactrocera, and Ceratitis spp.
C. capatata and C. rosa
Ceratitis spp.
Bactorcera spp. (B. albistrigata, B. cucurbitae,
B. tryoni, B. facialis)
Bactorcera spp. (B. dorsalis, B. zonata, B.
correcta).



Lure preparation is a critical step to the process and care must be taken to ensure both the lure‟s
quality and that toxicants are added at appropriate levels. Liquid lures are sold in bulk or can be
brought as impregnated plastic matrix plugs that are individually wrapped and ready to use. Liquid
lures are cheaper but care (safety precautions) must be taken in handling them. General direction
for its mixing are:
a.
Torula yeast pellets - Mixed with 10% Propylene Glycol and water.
b.
Cue lure - Liquid is mixed with 5% dibrome before adding to cotton wick.
c.
Methyl Eugenol - Liquid is mixed with 1% dibrome before adding to cotton wick.



Ordering traps and lure
There are two critical areas that need to be considered when ordering traps and lures - quality and
quantity. Material and supplies when combined, likely make up less than 10% or the overall cost of
the survey when travel cost, salaries and other expenses are added. In passive detection methods
like trapping the success of survey hinges on the quality of the traps and lures. Quality is critical
because issues like lure purity can have a large negative impact on efficacy of traps.

22

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

Quantity – in addition to calculating the number needed based on the survey design, a percentage
loss must also be taken into consideration. Losses result from wind, people, and animals. Other
factors to consider in calculating the quantity of lures and traps required are:








duration of the survey
number of sites
number of traps at each site
lures needed per trap
lure longevity: storage life and length of effectiveness in field

trap longevity or storage life.
It is impossible to cover calculation or cost of supplies for multiple countries in a single manual. It is
up to the NPPO to consider as many factors as practical when considering purchasing traps and lures.
Box 11. Reading on fruit flies trapping
i.
Trapping guidelines for area-wide fruit fly programmes by International Atomic Energy Agency
available at http://www-pub.iaea.org/MTCD/publications/PDF/TG-FFP_web.pdf
ii.
Development of Improved Attractants and Their Integration into Fruit Fly SIT Management
Programmes by Joint FAO/IAEA Programme of Nuclear Techniques in Food and Agriculture
http://www-pub.iaea.org/MTCD/publications/PDF/te_1574_web.pdf
iii.
http://www-pub.iaea.org/MTCD/publications/PDF/TG-FFP_web.pdf
iv.
California
Department
of
Food
and
Agriculture
Insect
trapping
guide
https://www.cdfa.ca.gov/plant/pdep/Insect_Trapping_Guide/docs/Insect_Trapping_Guide_web.
pdf

2.4

What data needs to be collected?

Determining what data are required aids in developing the Data Form. The Data Form consists of two
components:




Field, and

Laboratory.
The Data Form should be kept simple and reduce the amount of writing to be done. If possible, a list of
choices should be given to allow the surveyor to tick the most appropriate. Instructions should be simple,
clear and easy to follow.
ISPM 6 recommends that the data form should contain the following information:






scientific name of pest, family/order
scientific name of host plant part affected
means of collection (e.g. attractant trap, soil sample, sweep net)
locality, e.g. location codes, addresses, coordinates
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date of collection and name of collector
date of identification and name of identifier
date of verification and name of verifier
references, if any
additional information, e.g. nature of host relationship, infestation status, growth stage of plant
affected, or found only in greenhouses.

The layout must be logical, keeping like things together making it easy for the surveyor to gather and
record the data required. Data Form can be sectionalised to such as:
1.
Field

Diagnosis

Enumerator

Certifying Officer/Entomologist




2.

Location
Cultivation

Symptoms
Entomology Laboratory





Laboratory Technician
Presence of insect observed

3.

Plant Pathology Laboratory







Laboratory Technician
Symptoms observed
Test performed
Diagnosis

Certifying Officer/Plant Pathologist
Counts
4.
Natural enemies
Box 12 gives an example of a data form for entomological use and plant pathological use.
Box 12. Data Form – Detection survey protocol for sweet potato weevils/Black Sigatoka Disease
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Data Form for Black Sigatoka Disease
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Developing the survey protocol

The survey protocol document consists of:
1.
Title - which inform on type of survey to be done and the survey area, that is, identifying the scope
(e.g. geographical area, production system, and season).
2.
Author(s) – gives credibility to the survey design, procedures and pest identification.
3.
Name of the target pest – both the scientific name and local name.
These are usually found on the cover of the document as show in Box 13.
Box 13. Cover for survey protocol

4.

5.
6.

Justification for the survey – The justification describes the economics of the commodity (host),
impact of the pest, purpose of the survey (e.g. early detection, assurances for pest free areas,
information for a commodity pest list) and the specification of the phytosanitary requirements to be
met.
Outcome of the survey – what is hoped to be achieved at the end of the survey.
Assumptions made in design the survey protocol, identification of timing (dates, frequency,
duration indication of the statistical basis, (e.g. level of confidence, number of samples, selection
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and number of sites, frequency of sampling, assumptions)). The statistical basis will differ from
country to country, list of hosts and resources available.
An example of this is demonstrated in Box 14.
Box 14. Justification, purpose and assumptions in the detection survey for weevils in sweet potato
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7.

Pest-host information which describes in details and illustrate with colour photographs the
following:
a.
symptoms of pest damage,
b.
all stages of the pest life cycle
c.
host affected
d.
natural enemies
e.
pest distribution
f.
means of transmission and spread of pest
g.
phytosanitary risk or summary of pathway of introduction
This is illustrated in Box 15.
Box 15. Pest – host information in the detection survey for weevils in sweet potato
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Survey methodology - Detection methodology in sampling procedures (e.g. attractant trapping,
whole plant sampling, visual inspection, sample collection and laboratory analysis).
An example of the detection survey methodology is given in Box 16.

Box 16.

Active detection survey methodology for sweet potato weevils in sweet potato
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Good Sanitation practices during surveillance
Farms with good biosecurity will limit visitors‟ admission. Visitors, workers, extension officers
pose a risk of introducing pests into the farm. This risk increases with extension officers visiting
multiple farms sequentially per day in the conduct of their duties. Officers must therefore take
precautions so that they do not become an agent of pest spread. Box 17 provides an example of
good sanitation practices in the conduct of surveys.

Box 17. Sanitation

10.

11.

Field procedure - detail and stepwise description of survey methodology and quality management;
the procedure would be determined by the biology of pest and/or purpose of survey – discussed in
Chapter 4.
Laboratory procedure – good practices and diagnostic procedures - discussed in Chapter 5.
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Developing the field procedure, list of material required and budget

The field procedure combines the survey protocol and information on the data form into detailed stepwise instructions to be followed to conduct the survey; gather data; and collect, package, label, transport
and submit the sample to the laboratory. The procedure may be split into two components:



4.1

Passive surveillance
Active surveillance
Passive surveillance

Passive surveillance is setting up a system to receive reports from the wider stakeholders – the public. It
can consist of a telephone hotline or email contact. The components in the procedure for passive
surveillance are how and what to do and say in the following sections:








Receiving calls/reports/pictures
Recording calls – data sheet
Contacting the caller
Visiting the caller

]

Investigations

Sending samples and e-photo to plant pathology or entomology for diagnosing

Reporting
Box 18 gives an example of a protocol for passive surveillance, including a telephone protocol for
responding to callers making reports.
Box 18. Protocol for passive surveillance of the sweet potato weevils in sweet potato

45

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

46

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

47

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

48

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

49

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

50

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

51

Surveillance Manual - Plant Pest s and Diseases

4.2

Sumattie Gosine

Active surveillance – detection survey

The field procedure of the survey methodology splits the methodology into its components and provides
stepwise instructions - detail descriptions - of what needs to done, how, where, and how often for each
component. The survey protocol and information on the data form is combined into detailed step-wise
instructions to be followed to conduct the survey; gather data; and collect, package, label, transport and
submit the sample to the laboratory. It should tell the surveyor:
 how to select the smallest unit area to be sampled
 what pest capture method to use, how to set it up, how to maintain same
 how to/ where/what symptoms/pest to look for
 how to collect the pest/symptoms on infected/infested tissues
 how to preserve sample in field as it is collected
 how to package, label and transport the sample to the laboratory
 how often the survey needs to be done or visits need to be made
 what data needs to be collected
The survey methodology can be sectionalised in tabular format into:

Survey unit/methodology

Data collection

Location

Cultivation

Pest

Sample collection

Packaging sample

Transporting sample
An example of the field procedure in a detection survey methodology is illustrated in Box 19.
Box 19. Detection survey methodology for the sweet potato weevils in sweet potato
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Developing the budget

The survey methodology with the detailed descriptive instructions is used to generate a list of material
that is required for each step in the methodology (Box 20). It also serves as a check list to ensure all
materials required are packed before leaving the office/station to conduct the survey.
Prices for each item on the list are obtained to generate the budget required. The timeline indicates when
the material is required and therefore how purchases can be staggered to ensure the material is available
when needed.
Box 20. Developing the budget
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Developing the laboratory procedure

General surveillance and specific survey activities must be supported by appropriated diagnostic services.
It is at the diagnostic laboratory that the results of the survey is generated and without the ability to
rapidly diagnose pests, surveillance activities to both quantify the magnitude of an incursion and
determine and execute an appropriate response, would not be effective.
In addition to being critical to any eradication effort, diagnostic capacity also supports many of the
management practices involved in the production and trade of plant products. Pest management programs,
including the selection and application of registered pesticides, rely on the accurate identification of pests.
The IPPC recommends that each NPPO provides appropriate diagnostic services to support general
surveillance and specific survey activities, or ensure access to such services. Characteristics of the
diagnostic services should include:







expertise in disciplines relevant to pest (and host) identification,
adequate facilities and equipment - access to specialists for verification where necessary,
facilities for record keeping,
facilities for processing and storing of voucher specimens, and
use of standard operating procedures, where appropriate and available.

An essential component of the survey protocol is therefore a laboratory protocol which should include the
pest diagnostic protocol. This document should clearly outline the operating procedures to be followed
when the survey samples reach the laboratory, through preparation and handling, to diagnostics and
reporting. Each protocol will be unique to a particular survey as it will relate directly to the pest species
of concern, the purpose of the survey and the expected results. A protocol for handling a quarantine
pest, for example, will include procedures to prevent material form leaving the laboratory, a
requirement which may not apply to handling a pest species that is widely distributed in the country.

5.1

General (good) laboratory practices

Good laboratory practices promote the production of quality data and ensure a sound approach to the
management of laboratory studies; including conduct, reporting and archiving. These practices make sure
that the data submitted are a true reflection of the results that are obtained during the survey.
They ensure that the data is traceable and promote international acceptance of tests and include:



Standard Operating Procedures
It is not reasonable to include all the technical details of the study in the survey protocol. The
details of all routine procedures should be described in the Standard Operating Procedures
(SOPs) which are part of the documentation system of the diagnostic laboratory. They define
how to carry out protocol-specified activities and are most often written in a chronological

56

Surveillance Manual - Plant Pest s and Diseases

Sumattie Gosine

listing of action steps. SOPs contribute to reducing bias in studies by standardizing frequently
performed techniques. Laboratories also need to standardize certain techniques to facilitate
comparison of results between studies. It is important that SOPs be reviewed regularly and
modified as necessary to reflect any advances in the science.



Sample tracking and data management
It is very important that the connection between a set of diagnostic data and the samples from
which they were obtained be maintained. Good laboratory practices ensure that a system of data
entry and retrieval is in place to record and manage information relating to each sample
received. The system should be sufficient to link samples received to particular
field/collection/survey activities and to laboratory observations and diagnostic results.
Irrespective of whether the data are collected in
TIP! Possible headings for this data
notebooks or on data forms, if the numbers need to
base are:
be analyzed statistically or a report has to be
 Sample Number
written, the information will need to be transferred
 Host
into a computer program of some sort. A database
 Location
program may be created for each survey, particularly
 Collector
if the survey is to be large and data entry will be
 Survey or routine submission
repetitive. Each laboratory must decide what
 Observations
information is pertinent to the effective delivery of
 Diagnosis
service for that institution and include such in the
 Diagnostician.
database design.



Laboratory equipment and facility maintenance
For the proper conduct of laboratory studies, appropriate
equipment must be available. All equipment should be
suitable for its intended use, and it should be properly
maintained to ensure reliable performance. This includes
all equipment in the laboratory, whether it is used directly in
diagnosis such as a microscope or used to maintain standard

TIP! Clean microscopes,
objective lens and light
sources as necessary or as
recommended

by

the

manufacturer.

conditions such as a refrigerator. Records of repairs and
routine maintenance and of any non-routine work should be
TIP! Fungal spores and
retained. Routine maintenance should be documented in such
small insects such as
a way that users of equipment can be assured that it is reliable
crawlers are easily spread
and not outside its service interval. A label attached to the
outside the laboratory if
equipment or the provision of a clear service plan may ensure
not carefully handled.
this. Particular care must be taken with equipment and
facilities where quarantine or suspected quarantine plant pests are concerned. Clean-up and
decontamination of spills, or after accidents must also be carried out to ensure no spread of
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infectious agents. There should be routine cleaning and decontamination of benches after use,
and routine cleaning and decontamination at the end of each day.



Scientific literature
Maintain easy access to all relevant scientific literature. Use reference collection and consult
with other taxonomists/scientists.



Sample management
In order to avoid possible contamination, confusion and misdiagnosis it is advisable to work on
only one sample at a time. As much as is possible, clear the work area of all other material,
especially specimens with which the study material can be confused. Do not mix taxa from
different samples in the same Petri dish or on the same slide, except to make side-by side
comparison.

5.2

Preparing a laboratory protocol

Laboratory procedures to be followed in managing the samples received for diagnosis or other laboratory
procedures can be outlined in the protocol as a series of chronological steps involving sample receipt,
preparation and processing, diagnosis, storage and archiving.
Step 1: Laboratory sample receipt
Samples collected during the survey and taken to the research institution for processing may include plant
material (leaves, flowers, stems, fruits or roots), soil, live or dead insects. In surveys where traps are
used, the samples may be presented in dry traps, on sticky cards or in wet traps. It is critical that the link
be maintained between the samples collected and the final diagnostic. To ensure this a number of quality
assurance procedures must be followed.



Sample Registration
At the diagnostic laboratory, each sample should be registered as being received, given a unique
identification number and marked for submission to the relevant diagnostic laboratory. This can
be done with the use of a simple registration form, designed for the purpose and representing the
first point of entry of the sample into the laboratory system. The assigned identification number
will follow the specimens throughout the handling and diagnostic process and into permanent
storage.
The registration form may be generic document, prepared by the laboratory manager as a part of
the SOP documentation. As such it may not be specific to a particular diagnostic laboratory or a
specific survey. The laboratory protocol should however refer to the registration process and the
use of the form as an initial reference point for each sample received.
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Box 21 gives an example of a registration form. Each institution/researcher will design their
own registration form to meet their particular laboratory standards. The reference number will
also be unique to the institution.
Box 21. Sample registration form: calendar year 2015
Unique Identification Sample
Laboratory
No.
Received
Dispatch
SI-2015-09-23-01

live
citrus Entomology,
psyllids (adults Molecular
in jar)
diagnostics

of Signature:
Diagnostician /
Laboratory Technician
Dr. Lepi Doptera / Ms
DN Andrews

In the example, the reference number (SI-2015-09-23-01) begins with a fictitious initial (SI)
representing the institution, has the year (2015), the month (September) the date (23) and the
number 01, indicating that this is the first sample received that day. The citrus psyllid samples
received were sent to both the entomology and to the molecular biology laboratory for
morphological identification molecular diagnostics. Sample registration forms can be kept in a
binder and or may be stored in a database.



Specimen submission forms
For each specimen received at the diagnostic laboratory, certain auxiliary information must be
known (Box 22). This information may be captured on a “specimen submission form”. This
form could be the field data sheet used by the survey team collecting the samples or it may be
designed to capture the information collected in the field in addition to that generated in the
laboratory (Box 23). This specimen submission form is a critical document and must be
appended to your laboratory protocol.
Box 22.








Auxiliary information to be collected for each sample received
Survey name
Collector‟s name
Sampling site number or name
Locations, such as by GPS readings (Eastings and Northings), of sampling sites
Symptoms of the pest or host
Pest life stage
Treatments applied to site
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Box 23 Example of a generic sample submission form used in a diagnostic laboratory



Sample integrity check
It is often useful to check the integrity of the samples received prior to storing. Depending on the
material to be collected during the survey, the laboratory protocol should provide information on
procedures for checking the integrity of the samples. The objective is to make sure that the
material presented at the laboratory is what is expected based on the survey protocol and that
anything that might comprise the integrity of the sample is excluded. For example, you may need
to examine samples of plant material for rotting or spoilage. If specimens are in liquid
preservatives, check that the fluid levels are sufficient to adequately preserve the material until
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diagnosis. Integrity check may also need to be done on the documentation accompanying the
samples (field data sheets, sample labels, etc.) to ensure that the required information is present.
Step 2 Sample preparation and processing
The sequence of activities here will depend to a large extent on the pest(s) of concern, the type of material
collected and the diagnostic method to be used. As such, it should be considered in conjunction with the
diagnostic protocol discussed in Step 3 Diagnosis of a sample. The laboratory protocol should provide
detailed information on how the samples are to be prepared for diagnosis and may include guidelines on:



Sorting and selection
This activity determines how and what material is selected for further processing. Where insects
or other arthropods are collected on plant material, instructions should be provided on best
practices for recovering these organisms prior to storage. Mites, for example, may be recovered
form plant material by washing with alcohol or water while small soft bodied insects such as
mealybugs may require a soft brush or insect pin to remove them from plant material.
The survey may require the use of traps and the samples are delivered in some form of liquid
bait or on sticky cards. The laboratory protocol should provide guidelines on how these insects
should be removed, cleaned (if appropriate) and examined for morphological integrity before
storage.
Sorting and selection also involves choosing the plant part or arthropod life stage(s) important
for diagnosis. Where possible, it is advisable to collect a large number of specimens of all life
stages. For example, with the adult stage, collect a number of specimens of varying size and
colour depicting variation in the morphology of that species/biotype. There are some insect
groups where a male is critical for species determination or where, in addition to having a male
and female, a larval form is required. The diagnostic protocol (see Step 3) will include details on
any such requirement and this should also be included in this section.
In case where only immature individuals are collected during the survey but adults are needed
for reliable diagnosis, the laboratory protocol should include the relevant rearing methods.
If stems and/or leaves appear to be attacked by nematodes, these may have been collected along
with soil samples and sent to the laboratory. The plant material should be removed from the bag
and examined as soon as possible to avoid rotting of the tissue and stored separately from soil
and/or root samples.
Finally, sorting and selection includes recording some observations. Plant material, insects and
mites tend to change colour during storage, especially if stored in liquid preservatives such as
alcohol. This is particular true of caterpillars and becomes critical in some groups such as
tephritid fruit flies where coloured bands on the wings are important for identification. It is a
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good idea to record the colours observed and even better if pictures can be taken. In the
laboratory protocol provide guidance on the observations to be recorded and that will be useful
during pest diagnosis.



Temporary storage
After the samples have been received and sorted, time is often not immediately available to
prepare the specimens for taxonomic identification and or permanent storage. The specimen
must then be temporarily stored and proper storage is critical to maintaining the integrity of the
specimen. There are several methods of storing specimens, depending on the type of sample
material, the pests of concern and the length of time they will be temporarily stored.


Refrigeration and freezing
Medium to large insect specimens may be left in tightly closed bottles for several days in
a refrigerator and still remain in good condition for pinning as will smaller specimens if
left overnight. Some moisture must be present in the containers so that the specimens do
not become “freeze-dried”. Plant material can be placed in sample bags and also stored in
the refrigerator for a short while. Fungal and bacterial samples should be stored in a
refrigerator at 2–5°C. Note however, that some pathogens do not survive cold conditions.
If this is true of the pest of concern, the protocol should identify the appropriate storage
conditions. Soil samples can be stored in a refrigerator at 4–8°C for several days without
severe deterioration or alteration in relative composition of the nematode population.



Liquid preservative
Larvae and most soft-bodied adult insects and mites can be kept almost indefinitely in
liquid preservatives such as alcohol, alcoholglycerin-acetic acid (AGA) solution (Thrips
and most mites), kerosene-acetic acid-dioxane (KAAD) (larvae). Larvae of most insects
should be boiled in water to "fix" their proteins and prevent them from turning black, then
placed in alcohol.



Storage for molecular diagnosis
Specimens for molecular work should be collected in 95% or absolute (100%) ethanol
(ethyl alcohol). It is best if specimens are thoroughly dehydrated by changing the alcohol
at least a couple of times before the specimens are stored for any length of time. It is also
advisable to keep specimens cold (frozen if possible).

Step 3 Diagnosis of sample
The main objective of taking survey samples to a diagnostic laboratory is for species identification. The
method of diagnosis used is specific to the pest species of concern and must be detailed in the laboratory
protocol. Each diagnostic protocol should contain the methods and guidance necessary for the pest(s) to
be detected and positively identified by an expert (i.e. an entomologist, mycologist, virologist,
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bacteriologist, nematologist, weed scientist, molecular biologist) or competent staff who is specifically
trained.
The methods included in diagnostic protocols should be selected on the basis of their sensitivity,
specificity and reproducibility. In addition, the availability of equipment, the expertise required for these
methods and their practicability (for example ease of use, speed and cost) should be taken into account
when selecting methods for inclusion in the diagnostic protocol.
There are a number of diagnostic protocols that are published as international, regional or national
standards (Box 24) and these may be used and included in the laboratory protocol. Where no published
diagnostic protocol is available, the diagnostician must prepare a protocol based on the scientific
literature.
Box 24. Links to some Regional and International Diagnostic Protocols
http://archives.eppo.int/EPPOStandards/diagnostics.htm
http://plantbiosecuritydiagnostics.net.au/resource-hub/priority-pest-diagnostic-resources/
https://www.ippc.int/en/core-activities/standards-setting/ispms/
The following sections should be included in your diagnostic protocol:



Pest information - The pest information section provides brief information on the pest,
including, where appropriate, its life cycle, morphology and any variations (morphological
and/or biological).



Taxonomic information - This section provides information on name (current scientific name,
author and year (for fungi, teleomorph name if known)), synonyms (including former names),
accepted common names, anamorph name of fungi (including synonyms), acronym of viruses
and viroids, taxonomic position (including information on subspecies classifications where
relevant).



Detection methods - This section of the diagnostic protocol should provide information and
guidance on:

the host plant(s) and the part(s) of the plant on which the pest may be found

the signs and/or symptoms associated with the pest (characteristic features, differences or
similarities with signs and/or symptoms from other causes), including illustrations, where
appropriate

the developmental stages of the pest that may be detected, together with their likely
abundance and distribution on the plant

methods for extracting, recovering and collecting the pest from the plants,

methods for indicating the presence of the pest in asymptomatic plant material or other
materials (e.g. soil or water), such as ELISA tests or culturing on selective media.



Identification Methods - This section should provide information and guidance on methods
that either used alone or in combination lead to the identification of the pest.
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The main types of methodologies used in diagnostic protocols include those based on
morphological and morphometric characteristics, biological properties such as virulence or host
range of a pest, and those based on biochemical and molecular properties. Morphological
characteristics may be investigated directly or after culturing or isolation of the pest. Culturing
and/or isolation may also be required for biochemical and/or molecular assays. Details should
be provided when culturing or isolation procedures are necessary components of methods.
For morphological and morphometric identifications, details should be provided, as appropriate,
on:

methods to prepare, mount and examine the pest (such as for light microscopy, electron
microscopy and measurement techniques)

identification keys (to family, genus, species)

descriptions of the morphology of the pest including illustrations of morphological
diagnostic characteristics, and an indication of any difficulties in seeing particular
structures

comparison with similar or related species

relevant reference specimens or cultures.

For biochemical or molecular identifications, each method (e.g. serological methods,
electrophoresis, PCR, DNA barcoding, RFLP, DNA sequencing) should be described
separately in sufficient detail (including equipment, reagents and consumables) to
perform the test.



Records/Documentation - As part of your quality assurance programme and in order to enable
traceability of diagnosis results, laboratories should document all diagnoses conducted. The
information which should be recorded as presented in Box 25.
BOX 25.

Information that should be recorded in a diagnostic report






scientific name of pest identified



description of signs or symptoms (including photographs where relevant), or their
absence



methods, including controls, used in the diagnosis and the results obtained with each
method



for morphological or morphometric methods, measurements, drawings or photographs
of the diagnostic features (where relevant) and, if applicable, an indication of the
developmental stage(s)

code or reference number of the sample (for traceability)
nature of the infested material including scientific name of host where applicable
origin (including the geographic location if known) of the infested material, and
location of interception or detection
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for biochemical and molecular methods, documentation of test results such as
photographs of diagnostic gels or ELISA printouts of results on which the diagnosis
was based



where appropriate, the magnitude of any infestation (how many individual pests
found, how much damaged tissue) - the name of the laboratory and, where
appropriate, the name of the person(s) responsible for and/or who performed the
diagnosis



dates of collection of the sample, and of detection and identification of the pest where
appropriate, state of the pest, alive or dead, or viability of its development stages.

In the report, the result of a diagnosis should be reported accurately, clearly, unambiguously and
objectively. It should be capable of being verified later by a specialist expert. In case of a
dispute on a diagnostic result, an accurate report is one of the key elements that will be
considered. Box 26 gives an example of a simple diagnostic report.
Box 26. Example of a simple diagnostic report
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Step 4 Permanent Storage
Once taxonomic identification has been completed, it becomes essential that the specimen be properly
stored in a permanent reference collection. The laboratory protocol should provide guidelines on the most
appropriate preservation and storage methods for the pests concerned. These collections are very valuable
as archives of biodiversity and as a scientific resource. They are the source of type and voucher specimens
and are invaluable to taxonomic studies. There are many methods and materials used to permanently store
specimens, depending on the type of organism:



Dry collections - These mostly comprise pinned specimens
that are usually stored in glass-topped drawers slotting into
special wooden or steel cabinets. The drawers have tightfitting lids to keep out museum pests, dust and moisture.
The drawer bottoms are lined with a soft substrate into
which the pins are inserted (Fig. 15).



Wet collections - These are mostly collections of
specimens stored in ethanol, or other preserving fluid, in
glass vials with tight-fitting stoppers. Ideally, the vials
should be of convenient containers for preserving specimens in liquid (Fig. 16).



Slide mount collections - Slide mounts are stored in special commercially available slide boxes.
These have grooves to hold the slides in position and apart from each other (Fig. 17). They are
stored on shelves in an upright position, so that the slides inside lie horizontally, with the side
containing the specimen facing upwards. Alternatively, cabinets made specifically for this
purpose can be used.

Collections should be stored in a safe place, adequately protected against fire and other hazards, and
should be inspected on a regular basis for any sign of damage.
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Box 27. References on diagnostics and preserving samples
i.
Collecting and preserving insects and mites by USDA ARS available at
http://www.ars.usda.gov/Main/site_main.htm?docid=10141&page=13
ii.
Basic requirements for quality management in plant pest diagnosis laboratories in EPPO Bulletin
Volume 37, Issue 3, pages 580–588, December 2007
iii.
Documentation and reporting on a diagnosis in EPPO Bulletin Volume 36, Issue 3, pages 459–
460, December 2006
iv.
Handbook: Good Laboratory Practices (GLP): Quality practices for regulated non-clinical
research
and
development-2nd
edition.
2009.
WHO
available
at
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2338.2006.01042.x/epdf
v.
ISPM 6 Guidelines for Surveillance available at , Rome, IPPC, FAO
vi.
ISPM 27, 2006 Diagnostic Protocols for Regulated Pests, Rome, IPPC, FAO
vii.
A listing of commonly used diagnostic tests in plant pathology has been shared by Sherrie Smith,
the
University
of
Arkansas
and
can
be
found
at
http://wiki.bugwood.org/Virginia_Tech_Diagnostic_Manual
viii.
A basic key to identifying insects to the Order for any amateur can be found at
http://www.amentsoc.org/insects/what-bug-is-this/adult-key.html
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Preparation of public awareness material

Public awareness material doesn‟t have to be expensive and cut into your budget. Printed flyers can be
produced in-house, photocopied and mass distributed, very cheaply, as inserts in your daily newspaper.
Standardizing your printed material into pest fact sheets, pest alerts and pest advisories can, with time,
sensitive your stakeholder to the purpose of your communication.

6.1

Types of flyers

Flyers provide meaningful information about a topic in a format that is extremely brief and easy to read. It
can be used to provide an overview, recommendations and advice, and sometimes to convince the reader
to change their behaviour. In surveillance flyers can be grouped into three types:
1.

A pest fact sheet provides up-to-date, timely information on pest situations that are of plant
quarantine/economic/agricultural importance. It delivers pest-related information (biology,
ecology, distribution and control methods) to facilitate detection, prevention and management.
It aims to promote good practices leading to reduced pest levels and pesticide use.

2.

A pest alert serves as an early warning to citizens and travellers on plant pests not yet present in
the country but which pose an imminent threat to the country‟s agriculture or the environment as
the may be present in neighbouring countries or our trading partners‟. It facilitates awareness,
early detection, prevention and thus early management in the event of an introduction. It may
also advise on cautions/preventive/required measures that should be taken to deter the
entry/spread of potentially destructive plant pests.

3.

A pest advisory aims to warn citizens on plant pests that are new to, or recurring pest with a
seasonal explosion of population in your country that may pose a risk to the country‟s agriculture
or the environment. It advises and guides the response to this new plant pest or imminent
threat and recommends appropriate actions.

Box 28 gives two examples each of a pest factsheet, pest alert and pest advisory.
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Box 28. Examples of flyers
1.
Pest factsheet
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Pest alert
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Pest advisory
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What are the basic guidelines in drafting flyers?

Flyers can be an effective tool to disseminate facts, send a message/illustrate your point, create awareness
and solicit assistance. In drafting flyers, ask the questions:





Who is the target audience?
What will appeal most to this group?
What reaction do you want?

Some general guidelines to follow in producing flyers are:
1.
The flyer must be self-contained. It should obey the 6C‟s:
Complete - make sense on its own
Correct - defines your credibility
Clear
Concise
Conversational - easy to read
Constructive – stated in positive terms (avoid negative writing).
2.
Target audience: determines the tone, style, pitch, angle and content of the message. It allows the
assumption of the level of innate knowledge and what needs to be explained.
Know your audience – keep your language appropriate to the audience, write in layman‟s
terms – avoid technical terms.
Give them all the tools to take action – who to contact, what to send, provide phone
numbers/e-mail address.
Use an angle that would illicit the response desired - state facts, use „shock‟ appeal.
3.
Message/Content:
Keep it simple, clear and concise – easy to understand.
Must be relevant to the audience – tell them why they should care enough to take action.
Use pictures to effectively illustrate the message; keep words to a minimum - no one wants
to read tons of information.
Write in present tense and active voice. Use short sentences.
Emphasize the importance in the first/lead paragraph.
Highlight the main message - what you want done.
Ensure it‟s factual, scientifically correct and current.
3.
Layout (Box 29):
Must be attractive, eye catching, uncluttered - leave lots of white space. A coloured
background can be distracting.
Make it readable - use at least 12-14 point font, non-cursive.
Must be logical, stated in a systematic and sequential order – easy to follow and read.
Organize the message in the 5 W‟s and H: What, Where, When, Why, Who and How.
4.
Structure (Box 29): must contain
type of flyer
title,
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author/authority,
referenced: number, year, copyright.
Structure and layout of a flyer

Box 30. Additional reading on effectively writing/drafting factsheets:
i. http://www.programmemed.eu/fileadmin/PROG_MED/Communication_projets/Communication_
GUIDANCE/Factsheet_11.pdf
ii. http://www.onlinepclearning.com/brochure-make-a-brochure-or-factsheet-that-rocks-microsoftword-and-powerpoint-2010/
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Glossary
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

3-component lures - synthetic food lures that attract primarily female flies.
Active capture - a method which requires the surveyor to be involved in the collection process
Active survey - deliberate, coordinated effort by pest management personnel looking for the pest.
Area of low pest prevalence - an area, whether all of a country, part of a country, or all or parts of
several countries, as identified by the competent authorities, in which a specific pest occurs at low
levels and which is subject to effective surveillance, control or eradication measures.
Aspirator – a tool used to capture small and fast moving insects, which is easily collected by hand.
Bait station or attract and kill traps – uses a food source (proteins, sugars, fruit, piece of plant
tissue, or yeast) as the attractant to lure the pest in.
Beating tray – white heavy duty cloth stretched over a circular hoop or over a frame of two crossed
sticks.
Cluster sampling - selecting all individuals within a randomly selected collection or group of
individuals.
Collecting net - composed of a net bag made of cloth or fine mesh that is attached to a wire hoop,
affixed to a wooden or metal pole.
Commodity pest list - a list of pests occurring in an area which is associated with a specific
commodity.
Containment – the application of phytosanitary measures in and around an infested area to prevent
spread of a pest.
Convenience sampling - the most convenient or readily available individuals to get a gross estimate
of the results.
Cue lure - a synthetic kairomone, a very potent male insect attractant.
Delimiting survey - conducted to establish the boundaries of an area considered to be infested by or
free from a pest.
Ecosystem - a dynamic complex of plant, animal and micro-organism communities and their
abiotic environment interacting as a functional unit.
Endangered area - an area where ecological factors favour the establishment of a pest whose
presence in the area will result in economically important loss.
Entry of a pest - movement of a pest into an area where it is not yet present, or present but not
widely distributed and being officially controlled.
Eradication – the application of phytosanitary measures to eliminate a pest from an area.
Establishment of a pest - the perpetuation, for the foreseeable future, of a pest within an area after
entry.
General survey - a process whereby information on particular pests which are of concern for an
area is gathered from many sources, wherever it is available and provided for use by the NPPO.
Habitat - part of an ecosystem with conditions in which an organism naturally occurs or can
establish.
High risk areas – areas that the target pest may be introduced, established, found or spread.
Host pest list - a list of pests that infest/infect a plant species, globally or in an area.
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25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.

46.
47.
48.
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Host range - species capable, under natural conditions, of sustaining a specific pest or other
organism.
Incursion - an isolated population of a pest recently detected in an area, not known to be
established, but expected to survive for the immediate future.
Introduction (of a pest) - the entry of a pest resulting in its establishment.
Jackson trap - waxed cardboard material that is folded into a delta shaped object.
Judgment sampling - selects the sample based on judgment.
Light traps – uses different wavelength of light as the attractant to lure the pest in.
Management or suppression - the application of phytosanitary measures in an infested area to
reduce pest populations.
Mc Phail trap - a glass trap with a water reservoir.
Methyl eugenol - a kairomone used to attract many species of the Subfamily Dacinae.
Monitoring - official ongoing process to verify phytosanitary situations.
Monitoring survey - ongoing survey to verify the characteristics of a pest population.
Multi Lure trap - consists of an inverted funnel base and a transparent cover on top with a plastic
dispenser holder for the pheromone.
National pest list – compilation of a list of pest occurring in a country.
Occurrence (of a pest) - the presence in an area of a pest officially recognized to be indigenous or
introduced and not officially reported to have been eradicated.
Outbreak (of a pest) - a recently detected pest population, including an incursion, or a sudden
significant increase of an established pest population in an area.
Passive capture - a method which doesn‟t require a collector.
Passive survey - activities where public, farmer, other industry personnel notify on pest presence;
usually done through hotline, emails, farm visit records, interception reports, diagnostic reports.
Pathway - any means that allows the entry or spread of a pest.
Pathway surveillance - surveys that target high risk sites to look for pests at specific intervals/time.
Pest - any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or plant
products.
Pest advisory - aims to warn citizens on plant pests that are new to, or recurring pest with a
seasonal explosion of population in your country that may pose a risk to the country‟s agriculture
or the environment.
Pest alert - serves as an early warning to citizens and travellers on plant pests not yet present in the
country but which pose an imminent threat to the country‟s agriculture or the environment as the
may be present in neighbouring countries or our trading partners‟.
Pest fact sheet - provides up-to-date, timely information on pest situations that are of plant
quarantine/economic/agricultural importance.
Pest free area - an area in which a specific pest does not occur as demonstrated by scientific
evidence and in which, where appropriate, this condition is being officially maintained.
Pest introduction - the entry of a pest resulting in its establishment.
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50.
51.

52.
53.
54.
55.
56.
57.
58.

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
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Pest record - a document providing information concerning the presence or absence of a specific
pest at a particular location at a certain time, within an area (usually a country) under described
circumstances.
Pest risk - the probability of introduction and spread of a pest and the magnitude of the associated
potential economic consequences.
Pest status on an area - presence or absence, at the present time, of a pest in an area, including
where appropriate its distribution, as officially determined using expert judgement on the basis of
current and historical pest records and other information.
Pheromone traps – tools that use semiochemicals to attract the target insect.
Pitfall traps - are tools for detecting walking and crawling soil and litter inhabiting arthropods.
Quarantine pest - a pest of potential economic importance to the area endangered thereby and not
yet present there, or present but not widely distributed and being officially controlled.
Quarantine pest list - compilation of a list of pest not present in a country or may be present but
under eradication or control.
Quota sampling - selects the first individual that meets the criteria until the desired number of
samples is obtained.
Random sampling - each individual of the study population has an equal probability or chance of
being selected.
Regulated area – an area into which, within which and/or from which plants, plant products and
other regulated articles are subjected to phytosanitary regulations or procedures in order to prevent
the introduction and/or spread of quarantine pests or to limit the economic impact of regulated nonquarantine pests.
Sample - a subset of the members from a larger population that you collect and analyse to make
inferences.
Sample size - the number of members of the population being studied or the number n of sampling
units that are selected from the population.
Sampling - an information collection tool.
Sampling intensity - the proportion/ percentage of the population being sampled.
Sampling unit - the smallest unit, from which you are gathering the information.
Size of sample - what constitute a sample.
Snowball sampling - relies on referrals from initial subjects to generate additional subjects.
Specific surveys - procedures by which NPPOs obtain information on pests of concern on specific
sites in an area over a defined period of time.
Stratified sampling - achieved by separating the population into non-overlapping groups called
strata and then obtaining a proportional simple random sample from each group.
Surveillance - an official process which collects and records data on pest occurrence or absence by
survey, monitoring or other procedures.
Survey - an official procedure conducted over a defined period of time to determine the
characteristics of a pest population or to determine which species occur in an area.
Systematic sampling - the Nth individual is sampled.
Targeted or Detection survey - conducted in an area to determine if pests are present.
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Torula yeast - a food attractant, high in protein.
Tri Med Lure - a synthetic female pheromone that disrupts communication such that the males
cannot find the females to mate with.
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