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Abstract
At the request of the European Commission, EFSA prepared the general guidelines for surveys of plant
pests, describing the legal, international and scientific context in which the surveys are designed, the
basic principles implemented for surveillance of quarantine pests and introducing the concepts needed
for the design of statistically sound and risk-based surveys. Three types of specific surveys are
addressed: detection surveys for substantiation of pest freedom, delimiting surveys for determining
the boundaries of an infested zone, and monitoring surveys for prevalence estimation when
measuring the progress of eradication measures or for confirming a low pest prevalence area. For
each survey, the survey parameters are introduced and their interactions analysed showing the
importance of the assumptions that are taken for each one of them: (i) the aims of the survey are
defined as the confidence of detecting a given pest prevalence (design prevalence), this reflects the
trade-off between the acceptable level of the risk and availability of resources that determine the
strength of the evidence to support the conclusion of the survey; (ii) the target population is
addressed in terms of its structure and size, including the risk factors; and (iii) the method sensitivity
is defined as the combination of the sampling effectiveness and the diagnostic sensitivity. EFSA’s
RiBESS+ tool is introduced for calculating the sample size using the survey parameters as input values
for a statistically sound and risk-based survey design. The mathematical principles behind the tool are
in line with the International Standards for Phytosanitary Measures. The survey design is flexible and
can be tailored to each pest and specific situation in the Member States. Once the survey is
implemented following this approach, the conclusions allow surveys to be compared across time and
space, contributing to the harmonisation of surveillance activities across the EU Member States.
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Summary
At the request of the European Commission, EFSA has prepared these general guidelines for designing
statistically sound, risk-based surveys on plant pests to assist the EU Member States to carry out the
different types of surveys as required by Regulation (EU) 2016/2031.
These guidelines for plant pest surveys are part of the EFSA toolkit for pest surveys 1 that is being
developed to support the Member States in the preparation and the design of the surveys as well as
to facilitate their implementation.
In order to plan a survey activity for a specific pest it is necessary to first consider the survey
preparation phase. This is required for gathering the relevant epidemiological information and the
landscape characteristics that are needed to define the survey parameters, with the corresponding
assumptions, i.e. the target population (extension and structure), and the detection, sampling and
identification methods (time, symptoms, sampling matrix, sampling procedure, laboratory tests).
Within this scope, EFSA is preparing Pest survey cards2 and Story maps3 for the Union quarantine
pests.
The second phase is the survey design. This document describes the context in which the surveys are
designed (legal, international standards, scientific knowledge) and the basic principles and approaches
that are implemented for surveillance of Union quarantine pests. It introduces the surveyor to the
requirements for the design of statistically sound and risk-based surveys. The concepts of general and
specific surveillance are also introduced. Three specific types of survey are described: detection
surveys for substantiation of pest freedom in an area; delimiting surveys to determine the boundaries
of a infested zone; and monitoring surveys, for prevalence estimation, that can be applied in infested
zones where the progress of eradication measures needs to be observed or where the confirmation of
a low pest prevalence is required.
First, the survey design should start with setting the aims of the survey, deciding on the overall
confidence level and design prevalence of the survey, based on the trade-off between the acceptable
level of the risk and availability of resources. These two parameters need to be set by the risk
managers as together they will determine the strength of the evidence to support the conclusion of
the survey. It will then be necessary to estimate the other survey parameters and consider the
importance of the assumptions that are taken for each one of them. Detailed information on the host
plants and their distribution in the survey area are needed to determine the size of the target
population and its division into epidemiological units based on the homogeneity assumptions. By
including risk factors, surveys will target those areas where the chances of finding the pest are higher.
Determining the structure and size of the target population involves scientific knowledge on the
epidemiology and detailed information of the local, regional and national landscapes. It will be
required to determine the method sensitivity defined by the sampling effectiveness in the field and the
sensitivity of the applied diagnostic method in the laboratory. To estimate the method sensitivity, the
inspection protocol itself and the experience and training of the inspectors should be taken into
account as well as the laboratory methods and expertise available. The more precise and accurate the
information used for selecting or estimating the survey parameters, the more robust the conclusions
of the survey will be. Considering that in the EU the surveys are implemented at Member State level,
and that the data required for preparing the surveys are available at Member State or even regional
level, the developed approach should be tailored to each specific situation in terms of host plants and
resources.
After the survey parameters are determined, the survey design continues with the calculation of the
sample size (i.e. number of ‘inspection units’ or samples thereof to be examined and/or tested) using
the survey parameters as inputs of the statistical tool, which uses a statistically sound and risk-based
approach (RiBESS+). The mathematical principles behind the tool are in line with the
1

2

3

EFSA (European Food Safety Authority), online. Toolkit for plant pest surveillance in the EU. Available online:
https://efsa.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1831-4732.toolkit-plant-pest-surveillance
Pest survey cards are published as part of the Toolkit for plant pest surveillance in the EU. Available online:
https://efsa.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1831-4732.toolkit-plant-pest-surveillance
https://efsa.maps.arcgis.com/apps/MinimalGallery/index.html?appid=f91d6e95376f4a5da206eb1815ad1489
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recommendations and guidelines provided by the International Plant Protection Convention (IPPC) in
the various ISPMs and guidelines for pest surveys. The estimated number of inspections and/or
samples should then be allocated in the survey area, selecting the actual survey sites.
Next, specific instructions for the inspectors need to be carefully formulated to indicate how to collect
which data. The flexible approaches proposed in this document allow the survey design to be tailored
to each specific situation in the Member States, taking into account the host plant distribution and
available resources. The success of a good survey design relies on the technical aspects of the survey
preparation and also on the involvement of the risk managers.
The third phase in the survey activity is the survey implementation and reporting. This includes the
field inspections, sample collection and testing. Once the results are final, the survey conclusions need
to be formulated, while considering the strength of the evidence to support this conclusion. The
underpinning assumptions made on homogeneity of the survey area, the method sensitivity, and the
surveyed host plants should be included in the conclusion. The robustness of the conclusions of
surveys designed using the proposed approaches depends strongly on the survey preparation. The
clear formulation of the survey conclusion allows surveys to be compared across time and space, thus
contributing to the harmonisation of surveillance activities across the EU Member States.
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Introduction
At the request of the European Commission, EFSA was asked to support the EU Member States in the
preparation and planning of the surveys of the EU quarantine pests (EFSA mandate on plant pest
surveillance M-2017-0137). In this context, EFSA prepared general guidelines to assist the EU Member
States to carry out the risk-based surveys on plant pests as required by Regulation (EU) 2016/20314.
The purpose of the document is to assist the EU Member States to plan survey activities of quarantine
pests using risk-based and statistically sound pest survey approaches, in line with current international
standards. This document describes the context in which the surveys are performed (legal,
international standards, scientific knowledge), the basic principles and approaches that are
implemented for the surveillance of Union quarantine pests and introduces the surveyor to the
concepts needed for the design of statistically sound and risk-based surveys. The general guidelines
are part of the survey toolkit (EFSA, online) for plant pest surveillance in the EU that is being
developed to support Member States. Surveillance should be in line with the guidelines for surveillance
from the International Plant Protection Convention (IPPC) (FAO, 2016; EFSA, 2018). This toolkit
consists of: (i) this document, the general guidelines; (ii) the pest survey cards (EFSA, online)
(updated in the form of plant pest Story maps in a dedicated gallery5) that guide the surveyor through
gathering the relevant information needed for the preparation of a survey for a specific organism; (iii)
specific guidelines that guide the surveyor in the design of statistically sound and risk-based surveys
for a specific organism, integrating the key information gathered using the pest survey card, and
processing the information for the estimation and allocation of the sampling effort; and (iv) the
statistical software tools RiBESS+6 and SAMPELATOR7 for the calculation of the sample sizes. The
preparation of a general data collection framework and the provision of a common reporting strategy
on the pest surveys are not within the scope of this mandate (EFSA, 2018).
Surveillance on plant pests is an important activity that is primarily conducted to establish the pest
status of an area and forms the technical basis for detection in the early stages of an epidemic, to
monitor the pest prevalence (e.g. to follow up on eradication measures) and to establish pest-free
areas. It is particularly important to substantiate pest freedom in a country or a particular geographic
area when pest absence is used to provide the necessary safeguards for the trade of plants and plant
products. Surveillance of plant pests is conducted in an area to assess their presence, the prevalence
or the size of an infested zone and the outcome of the survey activities should trigger the appropriate
risk management decisions linked to the threat that a pest poses.
Risk-based surveys involve targeting locations that are more likely to contain a pest. This is clearly an
efficient way to conduct a detection survey; compared with a simple random sampling scheme, riskbased surveys can lead to an increased detection probability or reduced survey efforts while achieving
the same level of confidence. However, appropriate design of risk-based surveys requires that the
specific objective of each survey is established, knowledge is available to characterise the survey area
(in terms of areas of potential establishment, host plants, habitats and epidemiology) and that the
required survey methodology (inspection, sampling and laboratory procedures) as well as the
resources to carry out the surveillance are available.
These guidelines will first describe the general framework for surveillance, including the legal basis,
and then cover various types of surveillance in a step-wise approach, while illustrating these types
with several more specific scenarios.

4

5
6
7

Regulation (EU) 2016/2031 of the European Parliament of the Council of 26 October 2016 on protective measures against
pests of plants, amending Regulations (EU) No 228/2013, (EU) No 652/2014 and (EU) No 1143/2014 of the European
Parliament and of the Council and repealing Council Directives 69/464/EEC, 74/647/EEC, 93/85/EEC, 98/57/EC, 2000/29/EC,
2006/91/EC and 2007/33/EC. OJ L 317, 23.11.2016, p. 4–104.
https://efsa.maps.arcgis.com/apps/MinimalGallery/index.html?appid=f91d6e95376f4a5da206eb1815ad1489
https://shiny-efsa.openanalytics.eu/app/ribess
https://shiny-efsa.openanalytics.eu/app/sampelator
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1.

General framework for surveillance

1.1.

Legal basis in the EU

The general requirements for plant pest surveys in the EU territory are provided in Regulation (EU)
2016/2031. In particular, it indicates that the surveys should be based on sound scientific and
technical principles to detect the pest concerned.
It states that Member States should carry out risk-based surveys for the timely detection of Union
quarantine pests in all areas where the pest concerned was not previously known to be present
(Articles 22, 23 and 24). The Member States (MSs) need to define, within their multiannual survey
programmes: (i) the objective and scope of each survey, (ii) the area and frequency of the surveys,
(iii) the target population of the surveys, (iv) the survey methodology and the detection methods
used, as well as (v) the data collection and reporting methods applied (Article 23). The risk-based
surveys should consist of visual examination and, where appropriate, the collection of samples for
laboratory testing. In Article 24a a particular focus is given to surveys of priority pests, indicating that
they should be performed annually and they should include ‘a sufficiently high number of visual
examinations, sampling and testing, as appropriate for each priority pest, to ensure, as far as it is
possible given the respective biology of each priority pest and the ecoclimatic conditions, with a high
degree of confidence, the timely detection of those pests.’
In addition, it indicates that MS surveys are required for the recognition and maintenance of protected
zones as regards the presence of the protected zone quarantine pest concerned (Articles 32 and 34).
Finally, for demarcated infested zones, it mentions that annual surveys should be carried out to
monitor the development of the presence of the pest concerned. Modification of the pest status within
demarcated areas should be based on the results of surveys (Articles 18 and 19).
The Union quarantine pests which should be included in the multiannual survey programmes are listed
in Annex II of Commission Implementing Regulation (EU) 2019/2072 8, while the priority pests – for
which a survey should be performed annually – are listed in Commission Delegated Regulation (EU)
2019/17029.
These general guidelines for statistically sound and risk-based surveys of plant pests address all the
above-mentioned requirements in Regulation (EU) 2016/2031.

1.2.

Existing guidelines and international standards

EFSA’s approach to survey design complies with the international standards and guidelines from the
IPPC and the European and Mediterranean Plant Protection Organization (EPPO). These guidelines
have benefited from the information that is already available in several International Standards for
Phytosanitary Measures (ISPMs) from the IPPC that refer to surveys (Table 1). Two ISPMs provide
instructions on survey design, whereas eight ISPMs include procedures that either implement
surveillance or refer to surveys. Two ISPMs provide instructions on collecting the data that are needed
when designing the surveys.

8

9

Commission Implementing Regulation (EU) 2019/2072 of 28 November 2019 establishing uniform conditions for the
implementation of Regulation (EU) 2016/2031 of the European Parliament and the Council, as regards protective measures
against pests of plants, and repealing Commission Regulation (EC) No 690/2008 and amending Commission Implementing
Regulation (EU) 2018/2019. OJ L 319, 10.12.2019, p. 1–279.
Commission Delegated Regulation (EU) 2019/1702 of 1 August 2019 supplementing Regulation (EU) 2016/2031 of the
European Parliament and of the Council by establishing the list of priority pests. OJ L 260, 11.10.2019, p. 8–10.
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Table 1: International Standards for Phytosanitary Measures (ISPMs)* with reference to surveys on
plant pests (as of December 2019)
Instructions on survey design
ISPM 6

Surveillance

ISPM 31

Methodologies for sampling of consignments

Procedures employing surveys
ISPM 1

Phytosanitary principles for the protection of plants and the application of
phytosanitary measures in international trade

ISPM 4

Requirements for the establishment of pest-free areas

ISPM 8

Determination of pest status in an area

ISPM 9

Guidelines for pest eradication programmes

ISPM 10
ISPM 17

Requirements for the establishment of pest-free places of production and pest-free
production sites
Pest reporting

ISPM 22

Requirements for the establishment of areas of low pest prevalence

ISPM 26

Establishment of pest-free areas for fruit flies (Tephritidae)

Procedures generating data for survey design
ISPM 27

Diagnostic protocols for regulated pests (Diagnostic sensitivity)

ISPM 32

Categorization of commodities according to their pest risk (Risk Factors)

* https://www.ippc.int/en/core-activities/standards-setting/ispms/

Several EPPO Standards are relevant for the design and implementation of surveys 10, in particular:




PM 3 – Phytosanitary procedures: methods to be followed for performing inspections, tests or
treatments of commodities moving in trade, or surveys of quarantine pests.
PM 7 – Diagnostics: internationally agreed diagnostic protocols for regulated pests and horizontal
standards on diagnostic issues.
PM 9 – National Regulatory Control Systems: procedures to be followed for official control with the
aim of containing and eradicating pests.

1.3.

Responsibilities of the national plant protection organisations

According to Article IV of the IPPC Convention text (IPPC, 1999), the responsibilities of a national
plant protection organisation (NPPO) include the surveillance of growing plants, both cultivated and
uncultivated, including wild flora. The main objectives of these activities are to report the occurrence,
outbreak and spread of pests, as well as their control (eradication, containment). NPPOs are also
responsible for the designation, maintenance and surveillance of pest-free areas and areas of low pest
prevalence in their country. Contracting parties to the IPPC should also, to the best of their ability,
conduct surveillance of pests and develop and maintain adequate information on pest status in order
to support categorisation of pests, and for the development of appropriate phytosanitary measures
(Article VII).
Pest freedom can be used as a risk reduction option to enable the trade of plants or plant products
while minimising phytosanitary risks, but for proper application it requires that pest freedom is
substantiated. The phytosanitary guarantees are the responsibility of the NPPOs. Therefore, it is also
the responsibility of the NPPOs to provide evidence of the absence of a pest in a country or area,

10

https://www.eppo.int/RESOURCES/eppo_standards
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which subsequently can be used to certify that a consignment that originates in that country/area
does not harbour that particular pest.

2.

Surveillance

Two kinds of surveillance are distinguished in ISPM 6 (FAO, 2018): general surveillance and specific
surveillance.
General surveillance is an ongoing process ‘whereby information on pests of concern in an area is
gathered from various sources.’
Specific surveillance is defined as ‘a process whereby information on pests of concern in an area is
obtained by the NPPO over a defined period.’

2.1.

General surveillance

The information collected by general surveillance can be distinguished in data on the ‘infrastructure’
for potential pest presence and data on the current threat of pest presence.
The infrastructure for potential pest presence includes the characteristics of the pest, e.g. identity,
host range, life cycle and current distribution; and the characteristics of the survey area, e.g. the
environmental suitability of the survey area for the pest, the distribution of host plants in the survey
area and the presence of risk factors in the area such as trade hubs, storage facilities for plant
products, and nurseries. The EFSA pest survey cards (and Story maps) (EFSA, online) present up-todate information on the infrastructure for the potential presence of several EU quarantine pests.
Evaluation of the infrastructure for potential pest presence may narrow down the target area for
surveillance or can be useful for the identification of risk factors that need to be taken into account in
a risk-based pest detection survey (see Section 4.7).
Current information on the threat of introduction and spread of a particular pest can be obtained by
NPPOs from several sources, such as the recurring assessment of international phytosanitary reporting
(e.g. pest reports from trading partners, alert lists of regional plant protection organisations), analysis
of trends in national trade records and inspection records (rate of influx of host plant material into the
survey area, results of phytosanitary inspections for import, plant passports and export) and of
‘general’ observations (e.g. by phytosanitary inspectors, farmers, professionals in tree and landscape
maintenance and citizen science). In particular, an analysis of the number of shipments of
commodities that potentially carry regulated pests that enter the survey area provides useful
information for the prioritisation of surveys.
For the Union quarantine pests, general surveillance provides the background information that allows
the NPPO to undertake (risk-based) specific surveys to accurately determine the pest status. As
mentioned in Regulation (EU) 2016/2031 Article 22, specific surveys are not required in MSs for pests
for which the environment is not suitable for their establishment and spread (unsuitable climate
and/or absence of host plants); in that case the results of general surveillance may be sufficient to
determine the pest status of an area.

2.2.

Specific surveillance

Specific surveillance is a targeted approach that is limited in time and constitutes a sample survey,
meaning that data collection is based on a sample, being a subset of the total population (Eurostat,
2008). In line with ISPM No. 6 (FAO, 2018), EFSA distinguishes three methods for specific surveillance
(Figure 1): the detection survey (see Section 5), the delimiting survey (see Section 6) and the
monitoring survey (see Section 8).
A detection survey is performed to support a conclusion on the presence or absence of a pest species
in a specified area. Detection surveys may be designed for different phytosanitary objectives, such as
substantiation of pest absence in a country (ISPM 8; FAO, 2017a), establishment of a pest-free area
(ISPM 4; FAO, 2017b) or early detection of a pest in a buffer zone surrounding an infested zone (ISPM
9; FAO, 1998). In the case of early detection, the survey is designed to detect the pest at an early
stage of the epidemic.

www.efsa.europa.eu/publications
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A delimiting survey is an iterative procedure used to establish the boundaries of an area considered to
be infested by or free from a pest. This procedure can be utilised to achieve phytosanitary objectives
such as the demarcation of an infested zone for eradication (ISPM 9; FAO, 1998) or containment
measures, or for the establishment of a pest-free area.
Monitoring surveys are performed to determine the characteristics of a pest population that is present
in an area, such as population density, aggregation or intraspecific diversity. Monitoring surveys may,
for example, be applied as part of a procedure to maintain an official area of low prevalence of a pest
(ISPM 22; FAO, 2005).

Figure 1: International Standards for Phytosanitary Measures (ISPMs) and the different types of
phytosanitary surveys that are covered by those standards
Figure 2 illustrates the process that links the aim of the survey, the corresponding choice of survey
type, the tools that could be used to calculate the sample size based on statistics (RiBESS+ and
SAMPELATOR). Once it has been established which type of specific survey is needed, the actual
survey design starts. The design process consists of setting several survey parameters that are
needed in order for the statistical tool to estimate the sample size. Both statistical tools require
different input parameters.
For RiBESS+, the input parameters are:


Target population size. Indicates the size of the host plant population targeted by the
survey to which the survey results will apply.



Method sensitivity. This deals with how good the method is at detecting the pest when it is
present. Method sensitivity combines sampling effectiveness and diagnostic sensitivity values.



Confidence level and design prevalence. Both parameters define the strength of the
evidence to support the conclusion of the survey.



Risk factors. These are additional input parameters that are needed to perform a risk-based
survey. Each risk factor must be categorised in different levels (risk factor levels) that are
characterised by their relative risk and by the proportion of the target population to which
they apply. They are integrated into the detection survey design to better target the
inspections and respective samplings where the probability of finding the pest is higher.

The input parameters for SAMPELATOR – when using a simple random sample to estimate the pest
prevalence – are the host plant population size, the desired difference (precision to be achieved in the
estimation of the prevalence), and the expected pest prevalence. For other designs, other parameters
are also needed, such as correlation between elements from the same cluster, or stratum-specific
variability, etc.

www.efsa.europa.eu/publications
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Figure 2: Choice of survey and corresponding tools for survey design. The input parameters for
RiBESS+ and SAMPELATOR are shown in the boxes on the right of the image

3.

Survey design

The survey design should be tailored to the situation in each EU Member State. This is needed
because the conditions may vary across the EU Members States – or even within a Member State – in
terms of the resources available for surveillance, the presence and importance of host plants, vector
abundance, environmental conditions, the risk of entry of a pest, the occurrence of risk activities and
presence of risk locations, and the availability of detection methods, etc.
In this document, the survey design is addressed in general terms, while detailed case studies of
survey designs are presented in the guidelines for statistically sound and risk-based surveys of
Xylella fastidiosa (EFSA, 2020a), Phyllosticta citricarpa (EFSA, 2020b) and Agrilus planipennis (EFSA, in
preparation).

3.1.

Target population

The target population needs to be defined as it refers to the population being targeted by the survey.
When surveys are prepared and designed to determine the presence or absence of a plant pest in an
area, it is necessary to first determine where to look for it. The target population is defined as the set
of individual plants or commodities or vectors in which the target pest of the survey can be detected
directly (e.g. by looking for the pest) or indirectly (e.g. by looking for symptoms indicating the
presence of the pest) in a given habitat or survey area (EFSA, 2018).
When the aim of the survey is to substantiate pest freedom, it is recommended that the target
population encompasses all or at least the most relevant hosts of the pest in order to minimise the
risk of overlooking it. When pests are highly polyphagous, it will not always be practical to include all
host species, and the target population needs to be limited to the plant species that are most likely to
be infested.
To design a survey the target population needs to be defined in terms of its components, size and
structure.

www.efsa.europa.eu/publications
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Target population components
The components of the target population are the different entities (e.g. plants, vectors, soil, water) in
which the pest can be detected. Such entities can be distinguished based on the detection method
(e.g. visual examination, laboratory testing, trapping) and the inspection unit (e.g. host plants,
vectors, lots, soil, water).
The target population can be a set of host plants. For example, in a survey for Agrilus planipennis, all
ash trees in a Member State that could potentially host the pest would constitute the target population
for the survey.
When a pest is transmitted by a vector, the vector can also be considered as a component of the
target population. For example, in a survey for Huanglongbing, caused by Candidatus Liberibacter
spp., spread by psyllid vectors, the target population can be split into two components, the host
plants and the vectors.
The target population may also encompass plants products. Fruit that is a potential pathway for
spread of Bactrocera dorsalis can also be considered as a component of the target population of the
survey.
Even soil may represent the target population of a survey. This would, for example, be the case when
undertaking a survey for detection of potato cyst nematodes (Globodera spp.) that can linger in the
soil even in the absence of a host plant.

Target population size
Once the relevant components of the target population in which the pest can be detected have been
identified, the total number of units for each component needs to be determined, defining thus the
size of the target population. The exact size will often not be known and it is then required to reliably
estimate it based on the available information in the EU Member State.

Target population structure
To accurately target a survey, it is necessary to understand how the target population is structured
and clearly define its subdivisions.
Usually it is possible to define a hierarchical structure in the target population and as an example
Figure 3 illustrates the different hierarchical levels within the host plant population of P. citricarpa that
need to be defined during the survey design (EFSA, 2020b).
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Figure 3: Hierarchical structure of the host plant population of Phyllosticta citricarpa. Within the
survey area (level 1), different land-use categories can be defined (level 2) in which one can find
multiple epidemiological units (level 3) that can be further categorised based on risk factors (level
4). Finally, the units on which the observations are made are the inspection units (level 5)
(Source: Antonio Vicent Civera)

3.2.

Epidemiological units

An epidemiological unit is defined as a homogeneous area where the interactions between the pest,
the host plants and the abiotic and biotic factors would result in a similar epidemiology should the
pest be present. They are the units of interest for which the sample size is estimated (e.g. a tree,
orchard, field, greenhouse, nursery). The epidemiological units are subdivisions of the target
population and reflect the structure of the target population in a given geographical area.
When multiple individual units (plants, plant products or specimens) occur in a structured way in the
landscape, sharing a similar likelihood of exposure to a particular plant pest, they can be included in
epidemiologically homogeneous groups (i.e. epidemiological units), considering for example the
geographical distribution (e.g. all apple trees in an orchard are usually of the same cultivar and are
exposed to the same management practices and climatic conditions). Hence, should the pest be
present, the individual plants would experience a similar exposure. It is also possible that a
consignment of a particular plant product can be considered as an epidemiological unit. This would be
the case when surveying lots of seed potatoes, for example, where each lot is harvested from a
particular field and thus has experienced a similar exposure to a particular plant pest, should the pest
have been present in that field.
Alternatively, the entire survey area may be one single homogeneous area where the interactions
between the pest, host plants and (a)biotic factors are constant. The individual plants within the
survey area would then subsequently be targeted in order to draw conclusions for the entire area.
This homogeneity assumption would rarely be fulfilled in practice as the epidemiology usually varies
across larger areas in terms of ecology (habitats, environmental suitability, phenology, presence of
host plants, etc.), exposure (pathways and entry points), and geographical characteristics.
The epidemiological units are the units of interest for which the sample size is estimated. For a
statistically based survey it is therefore essential to define the epidemiological units in a realistic
manner and clearly indicate the underlying assumptions. The epidemiological relationships between
hosts may differ from pest to pest and thus needs to be defined on a case by case basis. This can be
illustrated by examining various potato pests. Depending on the pest, the epidemiological unit could
www.efsa.europa.eu/publications
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either be the potato-growing area, the potato plants in a single field, the harvested lot of tubers or the
soil in a single field. Harmonisation of the units is recommended when the different pests affect the
same hosts in order to optimise field inspections, but is not always possible.

3.3.

Risk factors

To allow the survey efforts to be enhanced in those areas where the probability of finding the pest are
highest, risk factors can be included in the survey design. A risk factor is a biotic or abiotic factor that
increases the probability of infestation by the pest in the area of interest and which has two or more
levels of risk in the target population. Their inclusion requires knowledge about the factors that
influence the presence of a pest in specific parts of the area. This information, if available, allows the
target population to be further subdivided into risk groups where the probability of infestation is
similar. Their identification and their relative risk estimation need to be tailored to the situation in each
EU Member State; the corresponding pest survey cards (EFSA, online) and respective updated Story
maps11 provide pest-specific examples of risk factors that can be further developed by the MSs to
address their particular situations.
Risk factors can be identified by general surveillance and may include the biological characteristics of
the pest, the host range of the pest, the number and distribution of host plants in the area to be
surveyed, the environmental characteristics of the area and pathways for introduction and movement
of the pest in the area.
Examples of risk factors are the distance to an area where the pest is present, distance to import
locations (Figure 4), distance to nurseries and garden centres where plant material from infested
countries is introduced and parts of the area where the climate is more suitable for the pest than in
other parts. When the risk factor is the distance to a particular risk location, the size of the area that
is at higher risk (risk area) depends on the spread capacity of the pest, so risk factor identification
may require knowledge on pest risk analysis (what is the risk activity?), knowledge on the territory
(where do the risk activities take place?) and knowledge of the pest (how far can it spread?).
When the probability of infection by a pest is increased on a particular pathway, for the identification
of risk areas, it is first necessary to identify the activities that could contribute to the introduction or
spread of the pest (e.g. trade of plants for planting from areas where the pest is present). These
activities should then be connected to specific locations (e.g. nurseries, garden centres). Around these
locations, risk areas can be defined, knowing that their size depends on the spread capacity of the
target pest and the availability of host plants around these locations.
Table 2 below shows some examples of risk activities and corresponding risk locations relevant for
surveillance of Aleurocanthus spiniferus, A. woglumi and A. citriperdus.

11

The currently published Story maps are available at:
https://efsa.maps.arcgis.com/apps/MinimalGallery/index.html?appid=f91d6e95376f4a5da206eb1815ad1489
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Table 2:

Example of risk activities and corresponding risk locations relevant for surveillance of

Aleurocanthus spiniferus, A. woglumi and A. citriperdus (extracted from the corresponding Story
map*)

Risk activity

Risk locations

Risk areas

Import, trade and storage of
host plants for planting (e.g.
mainly Citrus spp.)

Locations where imported Citrus spp.
plants are stored or traded (e.g.
nurseries, garden centres)

Areas surrounding risk locations
where Citrus spp. plants are present
(e.g. orchards, backyards and private
gardens, parks)

Import, trade and storage of
host plants for planting other
than Citrus spp. originating from
infested areas

Locations where imported host plants Areas surrounding risk locations
other than Citrus spp. are stored or
where host plants other than Citrus
traded (e.g. nurseries, garden centres) spp. are grown (e.g. fields, forest
edges, orchards, backyards and
private gardens, parks)

*

Story map for survey of Aleurocanthus spiniferus, A. woglumi and A. citriperdus available at
https://efsa.maps.arcgis.com/apps/MapJournal/index.html?appid=f1beb9ff935548b98a110f7bfd8514ff

Another example is presented in Table 3 for risk activities and corresponding risk locations relevant for
surveillance of Huanglongbing and its vectors.
Table 3: Example of risk activities and corresponding risk locations relevant for surveillance of
Huanglongbing and its vectors (extracted from the corresponding Story map*)
Risk activity

Risk locations

Risk areas

Movement within the EU of plant
material (plants for planting) and
seeds from areas where the
vector is present.

Locations where the host plant
material is stored or traded or
planted (e.g. nurseries; urban areas
near commercial citrus production
areas, citrus packing houses and
processing facilities).

Areas surrounding the risk locations
where citrus grow, including
agricultural and residential areas

Import of plants for planting
originating from areas where
Huanglongbing and its vectors
occur.

Locations where the host plant
material is stored or traded or
planted (e.g. nurseries; urban areas
near commercial citrus production
areas, citrus packing houses and
processing facilities).

Areas surrounding the risk locations
where citrus grow, including
agricultural and residential areas

*

Story map for survey of Huanglongbing and its vectors available at
https://efsa.maps.arcgis.com/apps/MapJournal/index.html?appid=bb13d5bf907e4f1ebf22438fcbc94a9e

With regards to the spread data, available information and the estimated yearly spread rate of the
pests is presented in the pest survey cards (EFSA, online) and corresponding Story maps. For the
priority pests the information is usually provided as a spread rate with a 95% uncertainty range. For
detection surveys, the median spread rate value can be used to define the risk areas around risk
locations where the probability of infestation of the pest is higher, whereas for a delimiting survey, it
is recommended to use the upper spread rate value of the uncertainty range for defining the potential
infested zone around the source of an outbreak.
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Figure 4: Examples of risk factors are the imports of wood packing material and imports of wood,
which are known pathways for the introduction of wood-boring insects and bark beetles. The
presence of an airport itself may be a risk factor as illustrated by this trapping location for
Popillia japonica given that adult beetles may hitchhike on vehicles and commodities (Source:
NVWA, NL)
A risk factor may also be non-geographical. As an example, described in the Story map for surveys of
Ralstonia solanacearum12 the use of surface water for irrigation of potato fields can be considered a
risk activity. Surface water may become contaminated when the potato industry uses infected
potatoes and wastewater is discharged into surface water without treatment (Janse et al., 2009). The
presence of wild hosts increases the probability that the bacterium will become established in the
surface water. Within this risk factor there may be different levels of risk, depending, for example, on
the presence of industrial sites where ware and starch potatoes from contaminated areas are
processed (with or without waste water treatment) or the presence of wild host plants along the
waterside.

Story map for survey of potato brown rot, Ralstonia solanacearum available at
https://efsa.maps.arcgis.com/apps/MapJournal/index.html?appid=b6a208b2fa9a4f2dabbb75f14b7e30fb
12
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The growing of susceptible varieties as a risk activity is illustrated in the Story map for the survey of
Synchytrium endobioticum13 where the cultivation of non-resistant varieties is considered a risk
activity. However, this needs to be tailored to the situation in each Member State, depending on which
pathotypes are present locally and can be expected during surveillance. Initially, only pathotype 1(D1)
of potato wart disease occurred in Europe, and the use of resistant varieties provided a good level of
control. Since new pathotypes have emerged, the effectiveness of varietal resistance depends on the
pathotypes of S. endobioticum present in the soil. Only a few potato varieties are resistant to all the
pathotypes that are widespread in Europe.
Similarly, for Phyllosticta citricarpa, the causal agent of citrus black spot, susceptibility varies between
host species and the relative risks are provided in the pest survey card (EFSA, 2020c) (Table 4) for
different citrus species. They were estimated based on a literature review, empirical observations, and
expert consultation. The susceptibility of the citrus species is related to the probability of infection by
the fungus. In particular, for lemon trees that have several flowerings during the year, the likelihood
that young lemon fruit coincides with presence of inoculum and favourable weather conditions for the
fungal infection is higher than for other citrus species that have only one flowering per year. For
sweet orange, a very large range of varieties are grown and each one has a very specific harvesting
calendar. Late-maturing cultivars of sweet orange are considered to be more susceptible than the
early-maturing ones.
Table 4: Example of relative risks for the various hosts of Phyllosticta citricarpa (extracted from
EFSA, 2020c)
Botanical name

Common name

Relative risk
(most susceptible)

Citrus limon (L.) Burm. f.

Lemon

1.5

Citrus sinensis Osbeck

Sweet orange (late-maturing cultivars)

1.4

Citrus sinensis Osbeck

Sweet orange (other cultivars)

1

Citrus reticulata Blanco

Mandarin

1

Citrus unshiu (Swingle) Marcow
Citrus paradisi Macfad

Satsuma mandarin

1

Grapefruit

1

To be able to apply a risk factor in the survey design, it is necessary to characterise both the relative
risk and the proportion of the overall target population in the survey area to which it applies. This
information can be entered in the RiBESS+ tool, which can subsequently calculate the required sample
size of the survey and the distribution of the inspection units over the different risk groups.

3.4.

Inspection units

The target population consists of a number of inspection units, defined as the units which are
inspected and/or from which the samples are taken for detecting the pests. These are the units within
the epidemiological units that could potentially host the pests. The inspection units are either plant
parts, whole plants, commodities, pest vectors or traps. The identity of the inspection unit may differ
from pest to pest and thus needs to be defined on a case-by-case basis. For example, the inspection
unit in a citrus orchard could be a single citrus tree, a soil sample from that orchard, or the ensemble
of insects caught by a single trap placed in that orchard.

3.5.

Survey sample versus laboratory sample

It is not usually realistic or practical to inspect all potential locations or every host plant in a given
area where a pest may occur and one will need to restrict the survey to a sample drawn from that

13

Story map for survey of Synchytrium endobioticum available at
https://efsa.maps.arcgis.com/apps/MapJournal/index.html?appid=19aeca4b6c534a83a93463ebf789c987
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population. This is why ISPM 6 (FAO, 2018) also recommends that surveys are performed by
examining a sample of the total population in the area. For the purpose of this guidance document,
the term ‘sample size’ thus refers to the number of inspection units to be examined in the survey to
retrieve sufficient information on the pest presence or prevalence in the total population (so the term
is not to be confused with the ‘laboratory samples’ that are collected from the inspection units for
laboratory testing or further pest identification).
The sample size is calculated on the basis of statistical principles that consider information about the
detection threshold, the sensitivity of the methods to detect the pest and the confidence required. In
general, the larger the sample size, the more accurate the estimate of the parameter under
investigation (in this case pest absence). However, available time and resources usually limit the
sample size. The methodology for sample size calculation is introduced in Chapter 4. Other than the
size, it is important that the (geographic) structure of the target population is captured correctly,
otherwise the sample may not allow for true inferences about the entire population. When designing a
survey, the underpinning assumptions related to the homogeneity of the survey area need to be
clearly formulated and accepted by the risk managers. The assumptions made will have a major
impact on the values of the survey parameters that will determine the sample size for the survey and
will therefore have a strong impact on the reliability of the survey conclusions.
The detection procedure for pest presence can either be performed by visual examination or by
laboratory testing. For some pests it may not be possible to detect the pest by visual examination,
either because pest presence may be asymptomatic or because the symptoms of the pest are nonspecific. In surveys for such pests a ‘laboratory sample’ must be collected from each inspection unit,
which is sent to a laboratory where it is examined for the pest presence by means of relevant tests.
This laboratory sample may consist of the whole plant that is the inspection unit, or a specified
number of specific parts of the inspection unit. The laboratory sample should not be confused with the
survey sample.

4.

Statistical background for sample size estimation

Survey designs should provide a level of confidence that the pest is truly absent or confidence to
make inferences about the pest population.
The application of an efficient sampling strategy that results in a representative sample of an
adequate size should thus be addressed in the survey design. Potential approaches to conduct
representative sampling for surveys are described in detail in Appendix A. In general, a simple random
sampling scheme will suffice for detection surveys, while stratified sampling may be applied in some
cases. The methodology for sample size calculations in pest freedom surveys (detection and delimiting
surveys) has been described by EFSA (2012), while Milanzi et al. (2015) have described the
methodology that can be applied for monitoring surveys. These methodologies have been developed
for animal pests and maximum residue level compliance, respectively, but the underlying principles
are the same for plant pests. Based on these principles, EFSA developed online software tools for the
calculation of sample size in risk-based detection surveys (RiBESS+) and monitoring surveys
(SAMPELATOR) that can also be applied for plant pests (Hester et al., 2015; Parnell et al., 2017;
Bourhis et al., 2019). Detection surveys allow for conclusions in terms of probabilities of pest presence
or absence, whereas monitoring surveys provide estimates for the mean and variance of pest
population characteristics.
The key parameters needed for survey design are:




confidence level, which reflects the level of accuracy (confidence) in the results (conclusions);
design prevalence, which refers to the prevalence that the survey is designed to detect in the
event that the pest is present in the survey area;
method sensitivity, which is the probability that a truly positive inspection unit will be
confirmed as positive.

Confidence level, design prevalence, method sensitivity and population size are all interrelated. In this
chapter, their relationship to each other and their relationship to the sample size and conclusion of the
survey are presented with specific reference to plant pests. When designing a survey, the selected
www.efsa.europa.eu/publications
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confidence level and design prevalence need to be accepted by the risk managers. Their selection will
have a large impact on the reliability of the survey conclusions, and thus on the level of risk that one
is willing to accept regarding the presence of the target pest of the survey.

4.1.

Conclusion on the pest status

For any type of detection survey, the aim is to detect a pest if it is present above a specified
prevalence in a given area. A challenge is that it is statistically and practically impossible to conclude
with 100% certainty that a pest is absent, even when it is not detected by a survey14. Similarly, if the
pest is indeed found in the survey sample, it is not possible to conclude with 100% certainty on the
pest prevalence in the total population. To achieve absolute certainty on absence, every host plant in
an area would need to be examined with an inspection procedure or sampling and diagnostic
procedure that has perfect detection ability. Moreover, this would need to be repeated with a high
frequency to ensure that the pest has not been introduced since the last survey. Clearly this is not
feasible. In practice, it will only possible to observe a relatively small proportion of the host plants at
limited intervals, and with imperfect inspection procedures or sampling and diagnostic tests. Thus, the
true absence or prevalence of a pest is uncertain even when a survey does not detect that pest.
To illustrate what can be concluded on the pest status when only a portion of the host plants can be
surveyed, consider a population of trees in a given area. The trees are grown in orchards of 1,000
trees and there are 1,000 orchards in that area. Thus, in total there are one million trees in our
example. When none of the trees in a survey sample of 1,000 trees shows signs of the pest, this
provides a degree of evidence that the pest is not present. However, a sample of 1,000 trees in this
area constitutes 0.1% of the entire population and there are still 999,000 trees that have not been
inspected. Even if we increase our sample size to 10,000 trees, there are still 990,000 trees that have
not been inspected and which could be infested by the pest. The question thus becomes: how much
evidence for pest absence does a sample of 1,000 trees provide? How does the weight of evidence
increase if we sample 10,000 trees instead of 1,000?
The probability that at least one infested unit in the survey sample is detected is formally related to
the sample size, the pest prevalence in the total population and the method sensitivity of the
inspection/detection method employed in the survey. Given a certain sample size and no detection of
the pest in that sample, one can state with a given amount of confidence that the pest is either
absent or its true prevalence lies somewhere between zero and a maximum prevalence. The ‘given
amount of confidence’ is the confidence level of our survey and the maximum prevalence that could
have been reached is the design prevalence. The latter term is used to differentiate it from the true
prevalence. The larger the confidence level and the smaller the design prevalence, the stronger the
evidence for pest freedom.
There is no one-size-fits-all approach to designing and conducting a survey and to determining the
required number of samples. Consequently, the selection of confidence level and design prevalence
values is a compromise between available resources in a Member State and the level of the risk that
risk managers are willing to accept. Sometimes these values are also prescribed in legislation as is the
case, for example, for Xylella fastidiosa under the current emergency measures laid down in
Commission Implementing Regulation (EC) 2020/120115.

4.2.

Confidence level

The confidence level reflects the level of accuracy (confidence) in the results (conclusions). When it is
stated for a given area that a pest is absent (or present at a level below the design prevalence) with
95% confidence, this means that given the methods and the assumptions taken, the statement is (on
average) expected to be correct at least 95% of the time. In general, confidence levels are set at
14

15

This excludes situations in which a pest has no host plants in an area or when the climatic conditions do not allow for
establishment of a pest. In these cases, it is neither recommended nor necessary to perform a survey. Article 22 of (EU)
2016/2031 provides the legal framework to refrain from surveillance of Union quarantine pests ‘for pests for which it is
unequivocally concluded that they cannot become established or spread in the Member State concerned due to its ecoclimatic
conditions or to the absence of the host species.’
Commission Implementing Regulation (EU) 2020/1201 of 14 August 2020 as regards measures to prevent the introduction
into and the spread within the Union of Xylella fastidiosa (Wells et al.). C/2020/5520, OJ L 269, 17.8.2020, p. 2–39.
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95%. When setting the confidence level, the risk managers should consider the resources available
and the epidemiological situation that might vary in the territory of the Member State.
An increase in sample size leads to higher confidence that the pest is indeed not present (or if it is
present, it is at least below the maximum prevalence) (Figure 5).
Although the above pest freedom approaches, and derivatives thereof, have been widely applied in
animal health (e.g. Cannon, 2002), their application in plant health is relatively new (Hester et al.,
2015; Parnell et al., 2017; Bourhis et al., 2019).

Figure 5: Confidence level increases with survey sample size. The confidence level depends both on
the sensitivity of the detection method (red, green, and blue lines) as well as the design
prevalence. The graphs are drawn with the design prevalence fixed at 1%

4.3.

Design prevalence

The design prevalence is another variable that needs to be set by the risk manager, based on the
trade-off between acceptability of the risk and availability of resources. The design prevalence refers
to the prevalence that the survey is designed to detect in the event that the pest is present in the
survey area.
In these guidelines, pest prevalence is defined as the ‘fraction of infested units in the total population.’
In plant pathology the term ‘incidence’ is often used to represent this concept. Indeed, in ISPM 5
(FAO, 2019), incidence is defined as the ‘proportion or number of units in which a pest is present in a
sample, consignment, field or other defined population.’ However, in animal and human disease
epidemiology, incidence is widely used to describe a rate of increase of a disease, rather than a
proportion. Though the use of the term ‘prevalence’ has diverged in plant pathology (Nutter et al.,
1991, 2006), this use of the term is further confounded given that ‘prevalence’ is more commonly
used in the study of arthropod pest populations. Moreover, the terms incidence and prevalence are
often used interchangeably in plant pathology, leading to further confusion in their application. For
example, ISPM 6 (FAO, 2018) uses both incidence and prevalence to describe pest populations, and
this practice is repeated in other international plant protection standards.
For the purpose of substantiating or maintaining pest freedom, it is desirable to set the design
prevalence to a value that accounts for the risk of overlooking the pest when the prevalence is low.
This threshold value is usually based on scientific evidence, policy decisions and risk assessment.
Prevalence refers to a proportion of the population and risk managers should note what this means
for both the absolute number of infested hosts and their spatial distribution. That is, 1% of infestation
of a small clustered population has different implications for eradication and control than 1% of a
larger widely distributed population.
In general, the higher the selected design prevalence is, the more likely it will be that an outbreak
remains undetected for a prolonged period of time and the more difficult it will be to eradicate the
www.efsa.europa.eu/publications
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outbreak once detected. The lower the selected design prevalence is, the larger our survey sample
size becomes (Figure 6). The design prevalence of a survey is therefore a compromise between
available resources and an acceptable level of risk.

Figure 6: Relationship between design prevalence, survey sample size and sensitivity. The displayed
graphs are calculated with the confidence level fixed at 95%

4.4.

Selection of the confidence level and design prevalence

As indicated in previous sections, the confidence level and design prevalence must be set a priori by
the risk managers. For the confidence level, a choice of 95% is commonly applied, implying that when
the same survey is run 20 times, supposing that the target pest is present at the design prevalence, it
is expected to yield a false negative result (e.g. overlook the pest) once. Lower values of the
confidence level will lead to surveys with weaker evidence for pest freedom.
With regards to the design prevalence, there is no perfect choice, and the lower the selected design
prevalence is, the stronger the evidence for pest freedom (and the lower the risk of overlooking a pest
during the survey). However, a lower design prevalence comes at the cost of a higher sample size.
The choice of the design prevalence is thus a trade-off between the risk of the pest being present and
the cost of achieving that level of certainty. There are a number of variables that may influence the
choice, as illustrated below.
(i) Arbitrary selection: A common choice for the design prevalence is 1%. It is not entirely clear what
motivates this choice, but 1% may be an appropriate value in the absence of other information. In
this case, it is useful that risk managers consider what this percentage means in terms of the absolute
number of infested hosts to ensure that they find this level of risk acceptable. Take, for example, an
area that contains 1,000,000 host plants and a survey aiming to have 95% confidence of detecting a
1% design prevalence. When the survey has no positive findings, this equates to 95% confidence that
the actual number of infested host plants is between 0 and 10,000, should the pest be present. Thus,
1% seems to be a low value, but when placed in an absolute context, the risk may still appear to be
unacceptable to risk managers.
(ii) Available survey resources: When the amount of available resource for a survey is fixed, then the
design prevalence that can be achieved with that available resource can be determined. Suppose
there are resources to survey 100 epidemiological units in an area that contains one million host
plants then, given information on the method sensitivity (e.g. 80%), the design prevalence that will be
achieved with a certain confidence level (e.g. 95%) can be calculated and amounts to 3.7% in this
example. This strategy may result in a high design prevalence when resources are scarce and, thus,
weak evidence for pest freedom, but at least it is transparent to risk managers and can be used to
reassess resource allocation for future surveys.
(iii) Epidemiology: Knowledge of epidemiological characteristics of the pest should be considered
when selecting the design prevalence and confidence level for a detection survey. The presence and
www.efsa.europa.eu/publications
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distribution of a pest population in an area is determined by the multiplication rate and the spread
rate of the pest species. The multiplication rate is the number of offspring per pest unit per time
interval, as determined by several species-specific factors, e.g. the latency period, the longevity of
multiplying life stages of the pest (e.g. sporulation stage for fungi, egg production stage for insects)
and the survival rate of life stages of the pest. The spread rate is the maximum distance per time
interval between the infested area of a pest and a newly infested host plant outside that area. The
spread rate depends on the mechanism (passive, e.g. wind or splash dispersal, or active, e.g.
olfactory or visual search for host plants by flying insects).
When both the spread rate and multiplication rate are high (e.g. random wind-driven spread of
abundantly sporulating fungi), a large part of the survey area may be rapidly infested, with a
distribution over the area that matches the distribution of host plants. In this case, the design
prevalence may be set higher than the default value because once the pest has been introduced, the
prevalence in the survey area will increase rapidly and so it is expected to be relatively high. At this
point, the pest may no longer be eradicated. When the spread rate is low (e.g. when host plants are
abundant and pest behaviour is guided primarily by olfactory and/or visual stimuli) and the
multiplication rate is low (e.g. Anoplophora glabripennis in cool climates), the pest is likely to remain
at a low prevalence, clustered in small parts of the survey area. In this case the design prevalence
may be set lower than the default value.
(iv) Early detection and control: Quarantine pests are subject to eradication and management
measures following their discovery. Such measures are usually more cost effective and have a higher
success rate if instigated when a pest population is still small. When there is a reliable estimate of the
prevalence beyond which a pest can no longer be eradicated, a design prevalence that is below this
threshold is desirable. The challenge may be that the required prevalence to achieve eradication is
very low and thus requires an intensive survey effort. The risk manager must then balance the survey
costs against the costs of failing to eradicate the pest.
An example for assessment of the eradicable level of pest prevalence is the modelling study by EFSA
PLH Panel (2019), where a range of epidemiological scenarios for eradication of Xylella fastidiosa
outbreaks in olive was investigated. The target population that was modelled constituted an area of
10 km × 10 km (10,000 ha), where 1,000,000 olive trees were planted on a regular grid at 10 m
spacing. The modelling demonstrated that in the worst-case scenario (e.g. low vector control) an
outbreak with 4,000 infected plants was eradicable. This occurred when the first detection of the pest
was three years after the initial infection event. A survey, designed for timely (eradicable) detection of
Xylella fastidiosa in this target population and epidemiological setting, should therefore be based on a
design prevalence of 0.004 or less.
(v) Substantiation of pest freedom: A detection survey may be conducted to substantiate pest
freedom for an area; for example, as a basis for recognition of EU protected zones (Article 32 of
Regulation (EU) 2016/2031) or as a risk reduction option when exporting to non-EU countries. In
general, the values for the confidence level and the design prevalence selected for the survey indicate
the level of certainty for the pest freedom statement for the survey area (e.g. the area proposed as
EU protected zone or the territory of the exporting country). Models that combine import risk and
potential establishment are used routinely in pest risk assessment by EFSA, Member States and other
countries. These models describe the factors that influence the successful introduction of a pest into
the EU such as the trade volumes, the risk of infestation at origin and the environmental suitability for
establishment at destination in the EU (e.g. EFSA PLH Panel, 2017a, b) which could be considered
when setting the confidence level and design prevalence.
(vi) Delimiting surveys and buffer zone surveys: When setting the design prevalence for a delimiting
survey, it should be considered that the pest infestation in the area should be detected at such levels
that eradication and/or containment strategies can still be implemented. Moreover, overlooking the
pest in a delimiting survey will result in an inaccurate delineation of the infested zone and the failure
of the eradication/containment programme. Therefore, the design prevalence for a delimiting survey
should be much lower than the design prevalence set for a detection survey. In the examples
developed by EFSA (2020a, b), when the detection survey aims to detect 1% hosts infected by
Xylella fastidiosa or Phyllosticta citricarpa with 95% confidence, the delimiting survey and buffer zone
survey aim to detect 0.1% of infected hosts with 95% confidence. In the logical sequence of surveys,
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in areas where the pest is not known to occur, detection surveys are first conducted to confirm the
pest-free status. Only once the first infestation is found, are delimiting and buffer zone surveys
conducted. As an example, in Table 5 a gradient of design prevalence values is presented depending
on the aims of the surveys of Phyllosticta citricarpa and the structure of the target population
(extracted from EFSA 2020b).
Table 5: Examples of design prevalence for the different types of survey for Phyllosticta citricarpa
(EFSA, 2020b)
Phyllosticta citricarpa

Agricultural areas

Residential areas

1%

1%

0.5%

1%

Design prevalence for delimiting surveys

0.1%

0.1%

Design prevalence for buffer zone surveys

0.1%

0.1%

Design prevalence
for annual
detection surveys

Pest absence confirmation
Pest freedom in an area neighbouring an
outbreak in an agricultural area

The above scenarios illustrate that selection of the design prevalence depends on the situation in the
survey area and the aim of the survey. As stated before, this value should be selected on a case-bycase basis and there is no universal value that can be applied in all EU Member States or areas within
a Member State. For instance, when a pest is considered absent in an area and the risk of it being
present or introduced is low, the design prevalence acts as a proxy for zero. In the absence of other
information, the standard approach in animal health is to use a design prevalence of 1% at the herd
level (FAO, 2014). This value will not suffice when the threat of a pest is more imminent, e.g. in areas
adjacent to known outbreak areas where one wants to detect a pest when the population is still small
enough to warrant rapid eradication. In outbreak areas – when the infested zone needs to be
delimited accurately – an even lower design prevalence is needed to establish where to implement the
eradication or containment measures to avoid further spread of the pest. To determine the prevalence
of infested host plants at a level where eradication is still achievable depends on a range of interacting
factors. These include the size of the infested zone, the environmental conditions, the host availability
and distribution as well as the intensity of the eradication measures that will be implemented.

4.5.

Method sensitivity

The method sensitivity (see Glossary) is defined as the probability that a truly positive inspection unit
will be confirmed as positive. The method sensitivity has two components, the sampling effectiveness
(i.e. probability of selecting an infested sample from an infested inspection unit) and the diagnostic
sensitivity (i.e. probability that a truly positive sample will test positive, which is a characteristic of the
laboratory test used in the identification process). Once the target population is defined, it is
necessary to identify the procedures which the inspectors and technicians will follow regarding:
(i) the field inspection and the visual examination of the inspection units (or trapping method),
(ii) the sampling procedure, and
(iii) the identification method applied during laboratory analysis of the samples.
The sampling effectiveness depends on the specific characteristics of the pest and the host. For
instance, when inspecting a tree for the presence of an insect pest, sampling effectiveness relates to
the probability that the pest is indeed found and collected when present; when a trap is placed in an
orchard, it relates to the probability that the pest is indeed caught when present; when inspecting a
plant for the presence of a virus, it relates to the probability that the symptoms are indeed observed
when the virus is present and that the plant material that is collected for laboratory analysis actually
contains the virus.
Sampling effectiveness can be dependent on the ability of the inspector (training and expertise),
specificity of symptoms, access to the part of the plant on which the pest can be observed (e.g.
consider a pest that is present in the top of the tree; sampling effectiveness will be lower when
www.efsa.europa.eu/publications
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observations are made from the ground than when using a ladder), weather conditions, or the
growing stage of the plant. In general, the sampling effectiveness will be high when the pest is easy
to observe or efficiently caught and symptoms are clear and specific. In some cases, where a pest has
a long asymptomatic or cryptic period, such as Xylella fastidiosa, visual examination is not suitable for
detection and asymptomatic material must be sampled for further analysis (Figure 7). Especially when
dealing with asymptomatic infections that are unevenly distributed in a plant, the sampling
effectiveness will be lower because only random collection of material that appears healthy can be
relied on. When establishing sampling effectiveness, it is important to incorporate knowledge from
laboratory testing into the inspection protocol. For example, a virus that is present asymptomatically
might still have a high sampling effectiveness when the viral load is higher in the young leaves from
the top of the plant.

a)

b)

Figure 7: A long asymptomatic period poses a challenge for specific surveys. (a) The relationship
between the true prevalence of an infection and the prevalence of visual symptoms of
Xylella fastidiosa following the first discovery of a local outbreak. (b) The prevalence at first
discovery assuming a visual survey inspecting 840 trees per day over a 50-day period. Despite this
high inspection and sampling intensity, the prevalence at first detection is 0.02 (2%) of the
population (red dashed line), whereas the estimated eradicable prevalence is much lower at
0.0004 (0.04%) (blue dashed line). Calculations are based on epidemic growth rate data from
olive orchards in Apulia (Hornero et al., 2020), asymptomatic period data for olive trees (EFSA
PLH Panel, 2019) and a mathematical framework linking epidemiological parameters and
surveillance (Parnell et al., 2017; Mastin et al., 2017, 2019). Source: Guidelines for statistically
sound and risk-based surveys of Xylella fastidiosa (EFSA, 2020a)
Diagnostic methods used to classify the sample as positive or negative for a quarantine pest should be
validated before being put to use. The diagnostic sensitivity should thus be provided by the laboratory
performing the tests. For the purpose of sample size calculations, the diagnostic sensitivity is a key
parameter. This parameter refers to the proportion of the truly infested samples that are diagnosed as
positive relative to the overall number of true positives and false negatives (so, true positives/true
positives + false negatives).
The overall method sensitivity can be calculated by:
Method sensitivity = sampling effectiveness × diagnostic sensitivity
The method sensitivity has a direct effect on the ability to detect the presence of a pest and must
therefore be considered when estimating survey sample size. For example, when the sampling
effectiveness is 0.7 and the diagnostic sensitivity is 0.8, the method sensitivity is 0.56. This implies
that in 44% of the cases, a truly infested host plants yields a negative result. Such a number may
seem problematic, but this is not necessarily the case, because this can be accounted for by a larger
sample size. It is thus recommended that sampling effectiveness and diagnostic sensitivity are
improved to high values because it will reduce the sample size and allow for a more efficient use of
resources. If the above example of method sensitivity of 0.56 was applied in combination with a
www.efsa.europa.eu/publications
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survey aim of 95% confidence to detect 1% design prevalence, the required sample size would be
533 for a population size of 100,000 (calculated using RiBESS+). Improvement of the sampling
effectiveness to 0.85 and the diagnostic sensitivity to 0.95 is reflected in a method sensitivity of 0.81
which would result in a sample size of 368.

4.6.

Relationship between confidence level, design prevalence and
method sensitivity

The design prevalence, confidence level and method sensitivity are inextricably associated. Given a
survey in which i) random sampling is applied and ii) each location or sampling unit has the same
probability of being selected, the relationship between the method sensitivity (MeSe), confidence level
(CL) and design prevalence (DP) is as follows:
𝐶𝐿 = 1 − (1 − 𝑀𝑒𝑆𝑒. 𝐷𝑃)𝑁
with N denoting the number of units inspected and/or sampled. On the other hand, assuming that
both our sampling effectiveness and diagnostic sensitivity are perfect (thus MeSe = 1), the
relationship between DP and CL is simplified as follows:
𝐶𝐿 = 1 − (1 − 𝐷𝑃)𝑁
Therefore, if the design prevalence that we select is high it will not take many inspections/samples to
obtain a high confidence level. For example, if we choose a design prevalence of 5%, only 59 samples
in an infinite population would suffice to obtain a confidence level of 95%. This implies that when we
do not find any cases of the pest in such a survey, we can be 95% confident that the pest is either
absent or has a true prevalence anywhere between 0% all the way up to 5% prevalence in the
population. On the other hand, the lower the selected design prevalence, the harder it becomes to
have confidence that the true prevalence is below that level, and thus a higher sample size would be
needed to achieve it (Figure 8). Using the above example, if we choose a design prevalence of 1%
(instead of 5%), the 59 samples in an infinite population would result in a confidence level of only
45%. This implies that when we do not find any cases of the pest in such as survey, we can be 45%
confident that the pest is either absent or has a true prevalence anywhere between 0% and 1%
prevalence in the population.
Furthermore, for a fixed design prevalence, the confidence reached will be further increased as the
method sensitivity improves (Figure 8).

Figure 8: The relationship between confidence level and design prevalence. This relationship
depends on the sensitivity of the detection method (fixed at either 0.5, 0.75 or 0.95) as well as
survey sample size. This sample size is fixed at 100 in the figure, and the population is assumed
to be of infinite size
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4.7.

Multiple component surveys

In practice, surveys can be composed of multiple components within one single target population. For
example, a survey may consist of both a survey in host plants and a survey in vectors, or a survey in
both agricultural and forest areas, or a separate survey in several provinces. In such situations, it is
still possible to provide a general conclusion on pest freedom for the entire target population with a
given confidence level even when the available information is not sufficient to properly define the
survey components in terms of relative risk and proportion of the target population.
For example, the overall confidence level of the survey is set at 95%. The confidence level to achieve
in the survey components can then be calculated (Cannon, 2002) using the following formula:
𝑛

𝐶𝐿 = 1 − ∏

𝑖=1

(1 − 𝐶𝐿𝑖)

𝐶𝐿: overall confidence level of the survey
𝐶𝐿𝑖: confidence level of the survey of component 𝑖
𝑛: the number of different components.
In the specific example of 𝑛 = 2 and 𝐶𝐿 = 0.95, the confidence level to achieve for both
components within this survey is obtained:
0.95 = 1 − (1 − 𝐶𝐿𝑖)2
2

𝐶𝐿𝑖 = 1 − √0.05 = 0.78
This means that if a 78% confidence level is achieved in both components – considering a common
design prevalence for both – the pest freedom conclusion for the entire target population can be given
with a 95% confidence level.
In some situations, a different design prevalence is applied for different survey components, e.g.
when the level of risk that is acceptable varies between land-use categories (agricultural vs natural
areas). In order to be able to provide an overall conclusion for the survey it is first necessary to
harmonise the design prevalence across the different components by using equivalent conclusions
(conclusions that provide an equivalent level of evidence, but at a different confidence level and
design prevalence). Figure 8 shows that for a given sample size and a given method sensitivity for a
survey there is a range of equivalent combinations of confidence level and design prevalence (e.g.
under a MeSe = 0.5 the combination CL = 63% and DP = 2% is equivalent to the combination CL =
87% and DP = 4% for a sample size of 100). This relationship is used, in particular, when concluding
on a survey with different components that have different confidence levels and design prevalence.
This is explained and illustrated by EFSA (2020b) in the context of combining surveys carried out in
residential areas and agricultural areas for Phyllosticta citricarpa.
The above formula can be applied to estimate the confidence to be achieved for each survey
component in the survey design phase in order to achieve an overall target confidence set by the risk
managers. RiBESS+ can be used to re-estimate the confidence level under the selected design
prevalence provided that the method sensitivity, population size and sample size are known (see
Section 2.3.2 of EFSA et al. (2020b) for further details).

4.8.

Unknown population size

When limited information is available about the size of the target population within the survey area it
is still possible to determine the sample size. Figure 9 shows how the estimated sample size for an
unknown (statistically infinite – binomial distribution) host plant population size compared with a
known host plant population size (finite population – hypergeometric distribution), given a fixed
confidence level, design prevalence and method sensitivity. It is known that the sample size resulting
from hypergeometric or binomial distributions converges for large populations; above a certain
population size threshold the estimates obtained are only marginally different. In other words, over a
certain host plant population size, the host population can be considered as infinite from a statistical
point of view. In the illustrated case, both curves converge on around 15,000 host plants, which
would require about 370 samples. Above 15,000 plants, very few additional samples are needed to
achieve the same confidence level and design prevalence (for the survey parameter values assumed
www.efsa.europa.eu/publications
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in Figure 9: 15,000 – 370 samples; 20,000 – 371 samples; 60,000 – 373 samples). As a consequence,
when information about the size of the target population is lacking, the sample size can be estimated
using the binomial distribution. This will be at the cost of visiting more sites than needed, but the
additional burden is negligible when the actual population is large.

Figure 9: Within a target population the sample size follows a hypergeometric distribution (green)
for finite population sizes. In the illustrated example, a method sensitivity of 80%, a confidence
level of 95% and a design prevalence of 1% are applied. As the population size increases, the
sample size converges on the red line, which is represented by a binomial distribution that
assumes an infinite population size

4.9.

EFSA RiBESS+ tool

In order to calculate the number of samples, EFSA has made the RiBESS+ tool available, a free online
application, to support the surveillance programme managers 16. A detailed manual for RiBESS+ is also
available17. Figure 10 shows a screenshot of RiBESS+ for calculating a sample size showing the five
above-mentioned input parameters and the calculated output. Additional examples of the application
of RiBESS+ are available in the pest-specific guidelines for survey design of Xylella fastidiosa (EFSA,
2020a), Phyllosticta citricarpa (EFSA, 2020b) and Agrilus planipennis (EFSA, in preparation).

16
17

Available at https://shiny-efsa.openanalytics.eu/app/ribess
https://zenodo.org/record/2541541/preview/ribess-manual.pdf
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Figure 10:
Screenshot of the sample size calculation (Output) using RiBESS+ with a 95%
confidence level (Input 1), a 1% design prevalence (Input 4), assuming a population size of
1,000,000 host plants (Input 2), a method sensitivity of 80% (Input 3, combining sampling
effectiveness and diagnostic sensitivity) and the risk factors tab (Functionalities). The green circles
are the chosen aim and functionality, the blue circles are the input values of the survey
parameters, and the red circle is the estimated output

5.

Detection survey

A detection survey is performed to detect the presence of a pest in areas where it is currently not
known to occur. Thus, the objective of a detection survey could be to substantiate pest freedom or to
detect pests early. The design of the detection survey can be subdivided into several steps that are
introduced below.

5.1.

Decision on the confidence level and design prevalence

The first step is to determine the aim of the survey. The risk manager needs to decide on the overall
confidence level and design prevalence of the survey based on the trade-off between the acceptable
level of the risk and availability of resources (see Section 4.4).

5.2.

Survey area and target population

In the next step, the size of the target population of the survey (see Section 3.1) should be
determined and the target population divided into epidemiological units (see Section 3.2) based on
the characteristics of the survey area.

5.2.1.

Target population, epidemiological units and homogeneity

Within each epidemiological unit a number of inspection units can be distinguished which could
potentially host the pests (see Section 3.4). When designing a survey, the underpinning assumptions
related to the homogeneity of the survey area needs to be clearly formulated and accepted by the risk
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managers. To optimise the survey efforts in terms of the number of samples that represent the host
population, it is essential to gather as much information as possible on the homogeneity of the
territory and to choose an epidemiological unit size in which the homogeneity assumption is
sufficiently realistic. The assumptions made about homogeneity will have a major impact on the
values of the parameters that will determine the sample size for the survey and thus have a strong
impact on the reliability of the survey conclusions.
Here, four examples are presented to illustrate how epidemiological units may be distinguished within
the target population in a survey area. In all examples the target pest is not known to occur.
1. Homogeneous survey area
In this case, the entire survey area is a homogeneous area where the interactions between the pest,
the host plants, abiotic and biotic factors would result in the same epidemiology should the pest be
present. The entire target population of host plants is thus located within the same epidemiological
unit. It is then sufficient to plan a single survey. Once a suitable design prevalence and confidence
level have been set and the method sensitivity has been determined or estimated, the survey sample
size can be calculated using RiBESS+. The resulting number of inspection units can be distributed over
the area.
2. Survey area with multiple zones differing in pest epidemiological characteristics
In this case, the survey area is not homogeneous, but instead harbours two or more different zones.
Within each zone the interactions between the pest, the host plants, abiotic and biotic factors would
result in the same epidemiology should the pest be present. However, these characteristics are
different between zones. Each zone is then considered as a separate epidemiological unit. For each
zone a separate survey is planned. Using RiBESS+ the survey sample size in each zone is calculated
and the resulting number of inspection units are distributed within each zone.
A practical approach to implement this scenario is by using the NUTS regions (Nomenclature of
Territorial Units for Statistics; Eurostat, 2018) as the epidemiological units. Depending on the
homogeneity of these areas regarding the pest–host combination under surveillance one can either
select NUTS 1, NUTS 2 or NUTS 3 regions as epidemiological units. The different zones could also
represent different types of environment, e.g. agricultural vs natural vs urban areas.
This approach is used and further detailed in case studies of the survey designs presented in the pestspecific guidelines for surveys of Xylella fastidiosa (EFSA, 2020a), Phyllosticta citricarpa (EFSA, 2020b)
and Agrilus planipennis (EFSA, in preparation).
3. Survey area where the target population is subdivided into epidemiological units
In this case, the survey area is not homogeneous, but instead harbours many smaller units in which
the interactions between the pest, the host plants, abiotic factors and biotic factors would result in the
same epidemiology should the pest be present. An example would be a pest in an area where host
plants are cultivated in an agricultural environment. Within each agricultural field, the epidemiological
conditions are homogeneous and plants have an equal probability of being infested. Between fields
these conditions may differ. Each field is then considered as a separate epidemiological unit. The
survey is designed as a sample of fields from the total number of fields in the area. The inspection
units for the survey are individual host plants in the sample of fields. To design this survey, the
calculation of sample size is performed on two levels: the level of the epidemiological unit (the field)
and the level of the area. At the field level, the number of host plants to be inspected in a field is
calculated for a chosen confidence level and a design prevalence, using RiBESS+. This confidence
level at field level is considered as the method sensitivity of the field inspection. At the second level of
calculation, the number of fields to be included in the survey is calculated with the field confidence
level as the method sensitivity, the target design prevalence, and the overall confidence level as the
desired confidence level for the survey. As an overall result, the number of fields to be included in the
survey and the number of host plants to be inspected per field has been calculated. The total number
of host plants to be inspected for the survey area is the product of the number of fields and the
number of host plants per field.
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4. Survey area with multiple zones differing in pest epidemiological characteristics and
where the target population is subdivided into epidemiological units
This is a combination of cases 2 and 3. In this case, the survey area is not homogeneous, but instead
harbours two or more different zones. Subsequently, these zones harbour many smaller units in which
the interactions between the pest, the host plants, the abiotic and biotic factors would result in the
same epidemiology should the pest be present. For each zone a separate survey should be planned
and within these zones the sample size calculations would be performed as for case 3.

5.2.2.

Risk factors

Within each epidemiological unit a number of inspection units can be affected by a risk factor that, if
properly characterised, allows them to be distinguished and grouped by their probability of infection. A
risk factor affects the probability that a pest will be present in a specific portion of the target
population. It may not always be possible to identify and include a risk factor in the survey design.
Risk factors can only be included when both the relative risk and the proportion of the overall host
plant population to which they apply are known or can be reliably estimated. The relative risk of the
risk area(s) is estimated compared with a baseline (with a relative risk of 1). It is important not to
overestimate the relative risk, because this will result in a smaller sample size than is actually needed
to meet the strength of the evidence wanted for the survey. To estimate relative risks, historical
information on interceptions, trade volumes and the origins of the host plants and plant products can
be considered. A procedure is suggested in the pest survey cards and corresponding Story maps
(EFSA, online) to facilitate the characterisation of a risk factor. To identify risk areas, it is first
necessary to identify the activities that could contribute to the introduction and/or spread of the pest.
These activities should then be connected to specific locations. Risk areas can be defined around
these locations, bearing in mind that their size depends on the spread capacity of the target pest and
the availability of host plants around these locations. Table 6 shows an example for the surveillance of
Rhagoletis pomonella, a fruit fly that affects apples but not known to occur in the EU (extracted from
EFSA, 2020d).
Table 6:

Example of a risk activity and corresponding risk locations relevant for the surveillance of

Rhagoletis pomonella (EFSA, 2020d)

Risk activity
Imports of apples
(and subsequent
disposal of damaged
fruit) from countries
where the pest
occurs

5.3.

Risk locations

Risk areas

Entry points, packing and sorting
stations, and processing industries
where such fruit is handled

Areas surrounding the risk locations
where Malus and Crataegus trees are
present

Households, fresh markets and waste
collection centres where apples are
being consumed, sold and disposed of

Residential areas with Malus and
Crataegus trees receiving homemade
compost

Inspection method and sample strategy

Depending on the targeted pest and the targeted host plants, the appropriate inspection method
and/or sampling strategy will need to be established. The main methods are explained below.

5.3.1.

On-site visual examination of plants

This method applies to pests of which specimens can be detected directly on plants or pests that
cause symptoms on plants which can be detected during on-site visual examination of the plant
(Figure 11). Plants may need to be cut to detect specimens or symptoms inside plant tissues, e.g. the
presence of larvae of wood-boring insects, discolouration of the xylem vessels or in potato tubers
(Figure 12). A procedure for the optimal execution of the visual examination should be available, and
if so, is presented in the survey cards. The detected specimens or symptomatic plant parts should be
collected and sent to an official laboratory for diagnostic identification using identification keys,
microscopy or molecular methods.
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For visual examinations, it is particularly important to find the balance between the risk of overlooking
a pest and the amount of resources spent on a single inspection unit. For example, by increasing the
inspection time, the probability of finding the pest will also increase, but at some point looking for
something that is probably absent will no longer be worthwhile. Many pests cause symptoms that
might be confused with other biotic or abiotic stressors. If only samples are submitted for further
identification to the laboratory when showing all typical symptoms, the chances of missing the target
pest are increased. On the other hand, when the sample collection is not selective enough the
laboratory resources might not be well used. The effort used in a single inspection is reflected in the
sampling effectiveness that in turn affects the method sensitivity. It is thus necessary to establish
optimal procedures for inspection during the design phase of the survey.

Figure 11:
Some pests cause clear symptoms that can be detected during on-site visual
examination of the plant. Tomato leaf curl New Delhi virus causes leaf curling, blistering and leaf
distortion in young leaves of a field-grown zucchini plant. Chlorosis, vein banding and upwards
rolling can be observed on older leaves (Source: Raffaele Giurato, EPPO Global Database,
htpps://gd.eppo.int)
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Figure 12:
The bacterium Ralstonia solanacearum causes symptoms which can be detected
during on-site visual examination of cut potato tubers. A transversally cut potato tuber shows a
brown discoloured vascular ring with creamy white bacterial ooze emerging from the vascular ring
(Source: NVWA, NL)

5.3.2.

Sample collection for laboratory testing

Sample collection for laboratory testing is an inherent part of the inspection process in the event of
suspicious findings, but may also apply to pests that tend to show atypical symptoms or no symptoms
at all on host plants. On-site visual examination is then unreliable. The inspection unit for the survey
could be, for example, a whole plant (or a set of plants in the case of pooling), or a set of plant parts
taken from the epidemiological unit and collected as a laboratory sample. These laboratory samples
should be sent to an official laboratory for diagnostic identification using molecular methods, for
example. When pooling, there needs to be good traceability of the samples and the dilution of the
pest in the sample might call for the method to be appropriately adapted.

5.3.3.

Detection by trapping

Traps may be employed in detection surveys for pests or their vectors (Figure 13). Depending on the
organism, traps may be designed with an attracting factor such as a specific colour, shape, light, a
chemical lure, or any combination thereof. The inspection unit in a trap-based survey is the area from
which the target pest is attracted or passively collected. The sampling effectiveness is determined by
the performance of the trap, which may depend on environmental and vegetation characteristics of
the survey area, the placement of the traps and the sensitivity, quality and replacement frequency of
chemical lures. The ensemble of pests (usually insects or fungal spores) caught by the trap is
subsequently taken to the laboratory for identification.
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Figure 13:
A multi-funnel trap is used to catch Monochamus beetles which are known as vectors
of the pine wood nematode Bursaphelenchus xylophilus, the causative agent of pine wilt disease
(Source: Hugh Evans, Forest Research, UK)

5.3.4.

Method sensitivity

Once the inspection and sampling procedures are established, following the procedures indicated by
the competent authorities, the method sensitivity can be estimated (see Section 4.5). It might be
necessary to determine the number of host plants that need to be inspected or sampled in a single
field. RiBESS+ can be used to calculate this number when using predefined prevalence level (e.g. 1%)
to obtain the confidence level at field level, which can be considered as the method sensitivity of the
field inspection. Note that the more units that are inspected per field or the longer a single inspection
unit is examined, the higher the confidence level will be. The increased time spent per inspection unit
will improve the method sensitivity, which in turn will lead to a smaller sample size (see Section 5.5).
However, as shown in Figure 5, there is a point where for a given sample size and design prevalence,
the improvement of the method sensitivity has a limited effect on the achieved confidence of the
survey. And to increase the confidence achieved at field level it might be more relevant to increase
the number of field visits then to improve the method sensitivity. In this case, it will be necessary to
balance the survey effort per field considering the overall estimated survey effort.

5.4.

Sample size

RiBESS+ can be used to determine the number of inspection units to survey in order to achieve the
objectives of the survey in terms of confidence level (e.g. 95%) and design prevalence (e.g. 1%),
while also including the method sensitivity. Table 7 summarises the input parameters that are needed
to calculate the sample sizes using RiBESS+. Remember that when information about the size of the
target population is lacking, the sample size can be estimated by assuming an infinite population size.
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When risk factors are included in the survey design, the RiBESS+ tool will require both the regular
input parameters, but also the number of risk factors, number of levels of risk within each factor, the
relative risk for each level, and the proportion of the overall plant population to which they apply. In
addition, a sampling scheme should be employed, such as a scheme that aims to obtain the same
confidence for all levels of risk or a scheme that applies convenience sampling in which the surveyor
can decide to put more emphasis on surveillance of the risk locations. The latter is generally
recommended, because this will reduce the overall sample size.
Table 7: Example of input values of the survey parameters needed for sample size calculations in
RiBESS+ for a detection survey without risk factors. These survey parameters would result in a
sample size of 373

5.5.

Survey parameter

Input values

Confidence level

95%

Design prevalence

1%

Target population size

1,000,000

Method sensitivity

0.80

Risk factors (optional)

none

Survey implementation

Once the sample size is known for the overall survey area and, if applicable, the different
epidemiological units or different risk areas, the survey locations should be distributed within the
territory of a Member State and selected from the list of available locations.
When there are multiple epidemiological units, there are multiple options for allocating the samples. A
straightforward option would be to allocate the samples equally, meaning that the same number of
samples is allocated to each epidemiological unit. For example, consider a survey aim of 95%
confidence to detect 1% design prevalence, and an 80% method sensitivity; the overall required
sample size would be 373 samples (survey locations) in a total population of 3 million plants. When
these samples are allocated proportionally over five epidemiological units this would mean that 75
survey locations are to be visited in each epidemiological unit.
Another option when there are multiple epidemiological units would be that the samples are allocated
proportionally according to the size of the target population in each epidemiological unit. This requires
that the size of the host plant population within each epidemiological unit is known. For example,
consider the above-mentioned example of 373 samples (survey locations) and five epidemiological
units that respectively harbour 1,000,000, 750,000, 500,000, 500,000, and 250,000 host plants. When
these samples are allocated proportionally to target population size this would mean that 125, 93, 62,
62 and 31 survey locations are to be visited in these epidemiological units, respectively.
The same procedure can be followed when there are multiple epidemiological units with risk areas and
baseline areas, and sample sizes for both risk levels should be allocated to each epidemiological unit.
Next, one needs to consider which data are needed and how these data will be collected, analysed
and reported. Based on the needs, the specific instructions for the inspectors will need to be carefully
formulated. Note that these activities are not addressed in these guidelines and fall within the remit of
the competent NPPOs. However, these instructions should also include the list of equipment that is
required to perform the inspections, for collecting, preparing and transporting the samples for further
laboratory identification. As an example, Appendix B provides a list that was put together by the Plant
Protection Service of the Federal State of Brandenburg.

5.6.

Survey conclusion of detection surveys

The most important aspect of the conclusion of a detection survey is to indicate whether the target
pest is absent or present. When the target pest is detected it can be concluded that the pest is
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present in the survey area and an infested zone must be demarcated based on this finding
(Section 6). In most cases the pest will be absent, but rather than simply reporting this as a
conclusion it is important to consider the strength of the evidence to support it.
The formulation of the survey conclusion over the whole survey area requires the overall confidence
level and the design prevalence to be reported. The basic format of the survey conclusion, when all
inspection units are found free from the pest will be that:
‘The survey area is free from the pest, based on a survey with a confidence level of X% and a
design prevalence of Y%’ under the assumptions made for setting the survey parameters.
The formulation of the survey conclusion allows the surveillance activities to be compared across EU
Member States, within a country, and from one year to another.
In principle, this formulation includes the original parameters that were set during the design of the
survey. Conversely, when the actual inspected sample size differs from the sample size that was
calculated during the survey design, the obtained confidence level of the survey should be reestimated based on the actual number of inspections. This resulting confidence level should then be
reported in the conclusion.
When drawing the survey conclusions, additional information can be considered that further
substantiates the strength of the evidence for pest freedom, such as the underpinning assumptions
made on homogeneity of the survey area, the method sensitivity, and the surveyed host plants.
For example, in Section 5.2, there is a difference between the scenario where it is assumed that the
entire survey area is a single homogeneous area and the scenarios where it is assumed that the
survey area harbours multiple epidemiological units. The latter scenarios will generally be more
realistic, and thus provide stronger evidence for pest freedom (but at the expense of an increased
sample size). The conclusion could thus be that:
‘The survey area was divided into four zones, and each of the zones of the survey area is free
from the pest, based on a survey with a confidence level of 95% and a design prevalence of
1%.’
A second example is where the host plants targeted by the survey are specifically mentioned in the
conclusion. This could be the case when less relevant hosts were not included in the target
population. The conclusion could thus be that:
‘The survey area is free from the pest, based on a survey of Pyrus and Malus spp. with a
confidence level of 95% and a design prevalence of 1%.’

6.

Delimiting survey

Immediately upon the confirmed detection of a Union quarantine pest in an area where it was not
previously known to be present, a provisional demarcated area should be established to avoid further
spread of the pest. The area where the pest is circulating should be demarcated to define where an
eradication programme is to be implemented. The demarcated area should consist of an infested zone
and a buffer zone (Regulation (EU) 2016/2031, Article 18). A delimiting survey should be conducted to
establish the boundaries of the infested zone, i.e. the area within which the pest is confined.
A step-wise approach for delimiting surveys is described here, employing an iterative procedure of
detection surveys in a preliminary infested zone. The preliminary infested zone is a square area made
up of concentric square bands around the centroid identified as the source of the infestation. One by
one, starting with the outermost band and moving inwards, each band is subjected to a detection
survey. Based on the survey results in each step, the next step in the procedure is decided upon. At
the end of the procedure the definitive infested zone will have been established.

www.efsa.europa.eu/publications

36

EFSA Supporting publication 2020:EN-1919

Ge

General guidelines for plant pest surveys

6.1.

Identification of the source of infestation for the pest findings
(step 1)

Upon the confirmed detection of a pest at a given location, the most likely source of the infestation
should be identified, taking into account any background information on the finding (circumstances of
detection, plant growth circumstances, origin of the plant material, environmental characteristics of
the detection site, pest population size) and the inspection history of the wider area surrounding the
infested site. In particular, risk locations (e.g. trade hubs, nurseries and processing plants) near the
infested site should be inspected for the presence of the pest. The infested site should also be
considered as a source for new infestations. Any locations found to be infested are considered to
represent the source of the infestation. Different scenarios can be distinguished, as illustrated in
Figure 14.

Figure 14:
survey

6.2.

Different scenarios for the identification of the source of infestation in a delimiting

Construction of the potentially infested zone (step 2)

A potentially infested zone is constructed as a square area made up of concentric square bands
around the source of the infestation, identified in step 1. The shortest distance of the centroid to the
sides of the square should reflect the maximum potential spread rate of the pest since the estimated
start of the infestation, based on the current scientific knowledge about the spread capacity of the
pest and the inspection history of the area. If the relevant information is available, there should be a
band for each year since the start of the infestation, where the width of each band should correspond
to the maximum annual spread capacity of the pest. A graphical example of the potentially infested
zone is presented using the spread data for Xylella fastidiosa (Figure 15). When there is no
information to estimate when the pest was first introduced or if the spread capacity of the pest is
unknown, a best estimate for the potentially infested zone could be made to initiate the delimiting
procedure and upon new findings, additional external concentric bands of, for example, 1 km could be
added as needed.
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Figure 15:
Construction of a potentially infested zone for a delimiting survey of Xylella fastidiosa.
The width of the bands is based on the estimated increasing spread distances and the starting
band for surveillance depends on the time elapsed since the last detection survey was conducted
(EFSA, 2020a)
An additional band around the potentially infested zone should be defined to account for short range
dispersal of the pest out of the infested zone. Figure 16a shows the potentially infested zone (PIZ 1)
and the additional 400 m band (Band 1) under the assumption that the last detection survey was
carried out three years ago. When it has been established that there are multiple infection sources the
potentially infested zones may overlap. In these situations, the potentially infested zones and bands
that are distinguished within these zones can be combined (Figure 16b).

a) Single infection source

Band 1
PIZ 1

b) Multiple infection sources
Band 1

400 m

1000 m

1000 m

400 m

Source 2

1000 m

Source of infection

400 m

PIZ 1
Source 1

Source of infection
PIZ 1 : Potentially infested zone 1
Band 1 : Survey band 1

Provisional
demarcated area
Source of infection
PIZ 1 : Potentially infested zone 1
Band 1 : Survey band 1

Provisional demarcated area

Figure 16:
Graphical description of the potentially infested zone around the source of infection
and an additional band surrounding the potentially infested zone to account for short-range
dispersal out of the infested zone (i.e. Band 1, set here at 400 m) where the survey should be
initiated. (a) Single infection source was identified. (b) Multiple infection sources were identified in
close proximity and the potentially infested zones and bands are combined (EFSA, 2020a)
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6.3.

Delimit the boundaries of the infested zone (step 3)

When determining the boundaries of the infested zone the outermost band of the area should be
surveyed first (Figure 17a). The methodology for this survey is the same as for the detection survey,
so a confidence level and design prevalence need to be set to determine the sample size (see
Section 6.4). When the surveillance of this band is complete, two different situations could arise
depending on whether the target pest was not detected (Section 6.3.1) or was detected
(Section 6.3.2) as illustrated in Figure 17.

6.3.1.

Narrowing down the potentially infested zone

When all inspections in the outer band and/or laboratory results on the samples taken during these
inspections were negative for the target pest, it can be concluded that the pest is absent from that
band (with the given confidence level and design prevalence). The survey then proceeds inwards to
the adjacent band, again following the procedure for a detection survey (Figure 17b1).
This iterative process is repeated until reaching a band in which the pest is detected. As soon as at
least one infested plant is found in a band, the outer boundaries of that band are confirmed to be the
boundaries of the infested zone (Figure 17b2). When the survey does not yield any positive findings
other than the initial source of infection, the innermost area of the potentially infested zone becomes
the infested zone and the area can be demarcated with a buffer zone around the infested zone. This
narrowing-down process can be conducted until reaching the source of infection itself. Around this
infested zone, a buffer zone is generally defined, either by legislation or by experts based on the
dispersal characteristics of the pest (or its vector if applicable). This buffer zone should be surveyed
annually to ensure that the pest has not spread from the infested zone.

6.3.2.

Enlarging the potentially infested zone

As soon as a laboratory result on samples taken during the inspections in Band 1 is positive for the
target pest, it must be concluded that the initial size of the potentially infested zone was too small.
There could be various reasons for this. For instance, this could simply reflect variation around
estimated means, uncertainty on the assumptions for the timing of the introduction or the spread rate
or that there were multiple sources of introduction. The survey should then proceed outwards by
surveillance of a new band that is drawn around the initial potentially infested zone which defines a
larger potentially infested zone (Figure 17c1).
This iterative process is repeated until reaching a band in which the pest is not detected. As soon as
this is the case, the outer boundary of the last band that yielded a positive finding is confirmed to be
the boundary of the infested zone (Figure 17c2). Around this infested zone, a buffer zone is generally
defined, either by legislation or by experts based on the dispersal characteristics of the pest (or its
vector if applicable). This buffer zone should be surveyed annually to ensure that the pest has not
spread from the infested zone.
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a) Provisional demarcated area
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*
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b1)
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Iterative process of narrowing down the PIZ per bands
until finding the pest or even until source of infection

Figure 17:
Delimiting survey strategy: a) defining a potentially infested zone (PIZ) and survey Band 1; (b1) if Band 1 is cleared, the PIZ is narrowed
down by one inner band and this process continues until a positive finding is made; (b2) at the first positive detection in a band the boundaries of the
infested zone are set and the area is demarcated with a buffer zone; (c1) if Band 1 is infested, the PIZ is enlarged by one outer survey band and this
process continues until a band is found to be free from the pest; (c2) at the first cleared band the boundaries of the infested zone are set and the area is
demarcated with a buffer zone
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6.4.

Survey parameters for a delimiting survey

6.4.1.

Target population

The delimiting survey is performed per survey band as indicated above, and before initiating the
survey, the target population of each survey band needs to be clearly identified in terms of its
structure (land use, epidemiological units, risk factors, and inspection units) and size in terms of
number or proportion of inspection units for each subdivision of the target population. Each survey
band could be considered as an epidemiological unit as the conclusion of the band survey will be
inferred for the inspection units that are within the band. The risk factors should also be clearly
identified, and the relative risk needs to be determined for better targeting the band survey. As an
example, EFSA (2020a) suggest that the probability of infection of the different Xylella fastidiosa host
plants is used to better target the survey where the risk is higher.
For many polyphagous pests it might also be relevant to inspect the minor and incidental host plants
in the potentially infested zone during a delimiting survey as the aim is to ensure that the pest is
contained within the boundaries of the infested zone. By contrast, during a detection survey for pest
freedom substantiation, the target population can be restricted to the main host plants as they are
more likely to harbour the pest and are thus more likely to be detected on the main host plants.

6.4.2.

Method sensitivity

The method sensitivity and its estimated value is independent from the type of survey that will be
conducted and thus the reasoning and explanations provided in Sections 4.5 and 5.3.4 also apply
here. The same method sensitivity value is used for each band of the delimiting survey (e.g. 0.8).

6.4.3.

Confidence level and design prevalence

As explained in previous sections, these parameters define the aim of the survey. Because the aim is
the same for each survey band, the same values are used throughout the process. In a delimiting
survey the aim is to define the boundaries of the area where the pest is circulating following a positive
finding. When setting the confidence level and design prevalence for the delimiting survey, the risk
managers should consider the resources available and the specific epidemiological situation.
As stated in Section 4.2, confidence levels are generally set at 95%.
By contrast, when choosing the design prevalence for a delimiting survey, it should be considered that
the pest in the area should be detected at such levels that eradication and containment strategies can
still be implemented. Moreover, a precise demarcation of the infested zone is critical for the
implementation of the eradication/containment programme. Therefore, the design prevalence for a
delimiting survey should be much lower than the design prevalence set for a detection survey. In the
examples developed by EFSA (2020a, b), when the detection survey aims to detect 1% of hosts
infected by Xylella fastidiosa or Phyllosticta citricarpa with 95% confidence, the delimiting survey aims
to detect 0.1% of infected hosts with 95% confidence.

6.5.

Sample size

The number of inspection units to survey can be calculated using RiBESS+ in order to achieve the
objectives of the survey in terms of confidence level (e.g. 95%) and design prevalence (e.g. 0.1%),
while also including the method sensitivity (e.g. 0.8). Table 8 summarises the input parameters that
are needed for calculating the sample size for one band survey using RiBESS+. When information
about the size of the target population is lacking, the sample size can be estimated by assuming an
infinite population size.
When risk factors are included in the survey design, the RiBESS+ tool will additionally require the
input of the number of risk factors, number of levels of risk within each factor, their respective relative
risk, and the proportion of the overall plant population to which they apply. In addition, a sampling
scheme should be employed. Detailed examples of the integration of risk factors into the survey
design were developed by EFSA (2020a, b).
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Table 8: Example of input values of the survey parameters needed for sample size calculations in
RiBESS+ for a delimiting survey of a band without risk factors. These survey parameters would
result in a sample size of 3,716

6.6.

Survey parameter

Input values

Confidence level

95%

Design prevalence

0.1%

Target population size of the survey band

200,000 host plants

Method sensitivity

0.80

Risk factors (optional)

none

Survey implementation

Once the sample size is calculated for the survey of one band, the number of inspection units to
survey should be distributed in the band and the survey sites chosen. The number of inspections in
the band could be allocated proportionally to each subdivision (e.g. risk locations, fields, hectares,
forests). For example, if the survey band has 400 hectares with host plants then this would result in
10 inspections to be performed per hectare. Another example would be if the band harbours five
fields, then this would result in 744 inspections per field. For the integration of risk factors into the
survey design, the sample size can be allocated to the risk locations.
Detailed examples of the different allocation methods of the sample size in the survey area are
presented for Xylella fastidiosa in EFSA (2020a) and for Phyllosticta citricarpa in EFSA (2020b).
Next, one needs to consider which data are needed and how these data will be collected, analysed
and reported. Based on the needs, the specific instructions for the inspectors will need to be carefully
formulated. Note that these activities are not addressed in these guidelines and fall within the remit of
the competent NPPOs. However, these instructions should also include the list of equipment that is
required for performing the inspections, and collecting and preparing the samples for further
laboratory identification. As an example, Appendix B provides a list that was put together by the Plant
Protection Service of the Federal State of Brandenburg.

6.7.

Survey conclusion for delimiting surveys

The delimiting survey concludes with the establishment of the boundaries of the infested zone.
Similar to a detection survey, when a survey band has been surveyed and no positives have been
detected, it can only be concluded that under the survey assumptions, when the pest is present in the
band, there is 95% confidence that it is below the design prevalence of 0.1%. This is the proxy for
absence of the pest that is decided upon by the risk managers when setting the aims of the survey.
As soon as one positive finding is made in a band, this proxy of absence no longer holds.

7.

Buffer zone survey

In ISPM 5 (FAO, 2019), a buffer zone is defined as ‘An area surrounding or adjacent to an area
officially delimited for phytosanitary purposes in order to minimize the probability of spread of the
target pest into or out of the delimited area, and subject to phytosanitary or other control measures, if
appropriate.’
According to Regulation (EU) 2016/2031, the extent of the buffer zone should be appropriate to the
risk of the pest concerned spreading out of the infested zone naturally or by human activities in the
infested zone.
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A buffer zone survey is a particular type of detection survey. Although the aim of the survey is also to
substantiate pest freedom, as the buffer zone surrounds and is adjacent to an infested zone, the
hypothesis is that the pest might spread from the infested zone. Therefore, although the approach
and the concepts developed for detection surveys are also applicable here, the aim is to detect the
pest at much lower levels of population, similar to the levels set for the delimiting surveys as
considered acceptable by the risk managers (e.g. 0.1% design prevalence and 95% confidence).
Once the boundaries of the infested zone are established, a buffer zone is defined around it. Ideally,
its width is set according to the upper range of the yearly spread capacity of the pest. Intensive
surveillance is needed in the buffer zone to ensure the pest remains contained within the infested
zone where an eradication programme can be implemented. If such a survey finds infested host
plants in the buffer zone, delimiting surveys should then be conducted to establish the new
boundaries of the infested zone, and the buffer zone should be extended accordingly.
The buffer zone could also be subdivided into different areas considering risk factors such as the
proximity of the boundaries of the infested zone. The relative risk could be estimated using the spread
capacity information of the pest, if available. For example, in EFSA (2020b), the outer band, 800 m
wide, that surrounds the infested zone, which has been surveyed and found free from
Phyllosticta citricarpa, was assumed to have double the risk of infection as the rest of the buffer zone.
Detailed examples of buffer zone surveys are set out in the guidelines for statistically sound and riskbased surveys of Xylella fastidiosa (EFSA, 2020a) and for Phyllosticta citricarpa (EFSA, 2020b).

8.

Monitoring survey

Monitoring surveys, also referred to as pest prevalence estimation surveys, are different from
detection surveys, which are performed to find a pest in an area where the pest was not previously
known to occur, and from delimiting surveys, which are performed to define the boundaries of an
infested zone for a newly detected pest and to demarcate the area with a buffer zone around the
infested zone.
Monitoring surveys are performed to verify the characteristics of a known pest population in an area
on the basis of a sample of inspection units from the area. In the context of Regulation (EU)
2016/2031, monitoring surveys may, for example, be implemented to verify low mean pest population
densities in areas subject to containment. They can also be designed to monitor the progress of
reduction of the mean pest population density in an area where the pest is under eradication, when
the measures for eradication need to be repeated or maintained over a lengthy period of time.
Monitoring surveys also have a role in maintaining areas of low pest prevalence (ISPM 22; FAO,
2005). In these guidelines, pest prevalence is defined as the ‘fraction of infested units in the total
population’ (see Section 4 and Glossary).
Methods to monitor pest population and estimate prevalence are well established in plant health
(Binns et al., 2000; Madden et al., 2007). Historically this has arisen from a focus on endemic pests
where it is important to estimate prevalence in order to inform decisions on control options. For
example, whether a threshold has been reached to apply a pesticide treatment, as well as to assess
the likely impact of a pest in relation to that year’s environmental conditions. Much less focus has
been on methods for detection surveys of invading pest populations (i.e. non-endemic pests) (Parnell
et al., 2017). A key difference between a monitoring survey and a detection survey is that the former
relies on representative surveys, and the latter on a targeted survey. Methods to conduct
representative sampling for monitoring surveys include the use of simple random sampling, stratified
random sampling, cluster sampling and multi-stage sampling. These approaches are described in
detail in Appendix A. The EFSA SAMPELATOR tool18 assists with the development of monitoring
surveys. As well as estimating pest prevalence and how it has changed over time, we may also wish
to estimate the spatial distribution of a pest. Though beyond the scope of the current guidelines,
methods to achieve this include the use of geostatistical approaches (which rely on statistical models
to interpolate pest population data from a sample, e.g. Bouwmeester et al., 2012; Charest et al.,
18

The SAMPELATOR tool is freely available with prior registration at: https://shiny-efsa.openanalytics.eu/
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2002; Franke et al., 2009; Stonard et al., 2010; Tubajika et al., 2004) and the use of species
distribution or niche models (which estimate pest occurrence based on the similarity of environmental
conditions with areas where a pest is known to occur, e.g. Bosso et al., 2017; Narouei-Khandan et al.,
2016). Monitoring surveys can be used to generate the representative data required to estimate the
spatial distribution of a pest using these approaches. Monitoring surveys also have an important role
to play in providing spatial and temporal data to parameterise epidemiological models (e.g. Parnell et
al., 2017). Well parameterised epidemiological models can be used to predict future spread and to
test the effectiveness of different pest eradication and other control options (e.g. Hyatt‐ Twynam et
al., 2017).

9.

Conclusions

At the request of the European Commission, EFSA has prepared these general guidelines for designing
statistically sound, risk-based surveys on plant pests to assist the EU Member States to carry out the
different types of survey that are required under Regulation (EU) 2016/2031.
These guidelines for plant pest surveys are part of the EFSA toolkit for pest surveys (EFSA, online)
that is being developed to support the Member States in the preparation and the design of the
surveys as well as to facilitate their implementation.
This document describes the context in which the surveys are designed (legal, international standards,
scientific knowledge), the basic principles and approaches that are implemented for the surveillance of
EU quarantine pests and introduces the surveyor to the requirements for the design of statistically
sound and risk-based surveys. The concepts of general and specific surveillance are introduced. Three
specific types of survey are described: detection surveys to substantiate of pest freedom in an area;
delimiting surveys to determine the boundaries of an infested zone; and monitoring surveys, to
estimate prevalence, that can be applied in infested zones where the progress of eradication
measures needs to be observed or where the confirmation of a low pest prevalence is required.
The survey parameters are defined and their interrelations described. During the survey design, the
survey parameters need to be set. The survey design should start with setting the aims of the survey,
deciding on the overall confidence level and design prevalence of the survey, based on the trade-off
between the acceptable level of the risk and availability of resources. These two parameters together
determine the strength of the evidence to support the conclusion of the survey. Detailed information
on host plant distribution in the survey area is needed to determine the size of the target population
and its division into epidemiological units based on the homogeneity of the area. By including risk
factors, surveys will target those areas where the probability of finding the pest is higher. Determining
the structure and size of the target population involves scientific knowledge on the epidemiology and
detailed information of the local, regional and national landscapes. The method sensitivity is estimated
by integrating the sampling effectiveness in the field and the sensitivity of the diagnostic method
applied in the laboratory. The more precise and accurate the information used for selecting or
estimating the survey parameters, the more robust the conclusions of the survey will be. Considering
that in the EU the survey is implemented at Member State level, and that the data required for
preparing the surveys are available at Member State or even regional level, the developed approach
should be tailored to each specific situation in terms of host plants and resources. Therefore, it is
essential that the assumptions made in estimating each one of the survey parameters are well
formulated and accepted/recognised by the competent authorities.
After the survey parameters have been determined, the sample size (i.e. number of inspections
and/or samples thereof to be examined and/or tested) can be calculated using EFSA’s dedicated
statistical tool RiBESS+. The mathematical principles behind the tool are in line with the
recommendations and guidelines provided by the IPPC in the various ISPMs and guidelines for pest
surveys. The number of inspections and/or samples should then be allocated in the survey area
selecting the survey sites. Further, specific instructions for the inspectors need to be carefully
formulated to indicate how to collect which data. The flexible approaches proposed in this document
allow the survey design to be tailored to each specific situation in the Member States taking into
account the host plant distribution and available resources. The success of a good survey design relies
on the technical aspects of the survey preparation and on the involvement of the risk managers.
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Once the survey has been implemented and the inspections conducted and/or the samples collected
and analysed, the survey conclusions need to be formulated, while considering the strength of the
evidence to support this conclusion. The underpinning assumptions made on the homogeneity of the
survey area, the method sensitivity, and the surveyed host plants should be included in the
conclusion. The robustness of the conclusions of surveys designed using the proposed approaches
depends strongly on the survey preparation. The proposed formulation of the conclusion allows
surveys to be compared across time and space, thus contributing to the harmonisation of surveillance
activities across the EU Member States.
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Abbreviations
CL

Confidence level

DP

Design prevalence

EFSA

European Food Safety Authority

EPPO

European and Mediterranean Plant Protection Organisation

EU

European Union

FAO

Food and Agriculture Organization of the United Nations

IPPC

International Plant Protection Convention

ISPM

International Standards for Phytosanitary Measures

MeSe

Method sensitivity

NPPO

National Plant Protection Organisation

NUTS

Nomenclature of Territorial Units for Statistics

PIZ

Potentially infested zone

SRS

Simple random sampling
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General glossary for pest survey
Term

Definition*

Buffer zone

An area surrounding or adjacent to an area officially delimited for
phytosanitary purposes in order to minimise the probability of
spread of the target pest into or out of the delimited area, and
subject to phytosanitary or other control measures, if appropriate
(ISPM 5: FAO, 2019).

Component
(of a survey)

A component is a survey entity which can be distinguished based on
its target population, the detection method (e.g. visual examination,
laboratory testing, trapping) and the inspection unit (e.g. vectors,
branches, twigs, leaves, fruit). A pest survey comprises various
components. The overall confidence of the survey will result from
the combination of the different components.

Confidence

The sensitivity of the survey is a measure of reliability of the survey
procedure (Montgomery and Runger, 2010). The term confidence
level is used in ‘Methodologies for sampling of consignments’ (ISPM
31: FAO, 2016b).

Delimiting survey

Survey conducted to establish the boundaries of an area considered
to be infested by, or free from, a pest (ISPM 5: FAO, 2019).

Design prevalence

It is based on a pre-survey estimate of the likely actual prevalence
of the pest in the field (McMaugh, 2005). The survey will be
designed in order to obtain at least a positive test result when the
prevalence of the disease will be above the defined value of the
design prevalence.

analogous to the term level
of detection used in
‘Methodologies for sampling
of consignments’ (ISPM 31:
FAO, 2016b)

In ‘freedom from pest’ approaches, it is not statistically possible to
say that a pest is truly absent from a population (except in the rare
case that a census of a population can be completed with 100%
detection efficiency). Instead, the maximum prevalence that a pest
could have reached can be estimated, this is called the ‘design
prevalence’. That is, if no pest is found in a survey, the true
prevalence is estimated to be somewhere between zero and the
design prevalence (EFSA, 2018).

Detection survey

Survey conducted in an area to determine whether pests are
present (ISPM 5: FAO, 2019).

Diagnostic protocols

Procedures and methods for the detection and identification of
regulated pests that are relevant to international trade (ISPM 27:
FAO, 2016a).

Epidemiological unit

A homogeneous area where the interactions between the pest, the
host plants and the abiotic and biotic factors would result in a
similar epidemiology should the pest be present. The
epidemiological units are subdivisions of the target population and
reflect the structure of the target population in a given geographical
area. They are the units of interest for which the sample size is
estimated (e.g. a tree, orchard, field, glasshouse, nursery).
In prevalence estimation approaches, it is the proportion of

analogous to the term lot
used in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)
Expected prevalence
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epidemiological units expected to be infected or infested.
Expert knowledge
elicitation

A systematic, documented and reviewable process to retrieve expert
judgements from a group of experts in the form of a probability
distribution (EFSA, 2014).

Host plant

A host plant is a plant species belonging to the host range on which
the pest could find shelter, feed or subsist at least for a period of
time.

Host range

Species capable, under natural conditions, of sustaining a specific
pest or other organism (ISPM 5: FAO, 2019).
This definition is limited to an array of host plants species and does
not include commodities other than plants or plant parts.

Identification

Information and guidance on methods that either used alone or in
combination lead to the identification of the pest (ISPM 27: FAO,
2016a).

Infected versus infested

Infected is used when a pathogen is referred to in relation to its
hosts (e.g. the trees are infected by the bacterium).
Infested is used when an arthropod pest is referred to in relation to
its hosts (e.g. the trees are infested by beetles).
Infested is used when the pest is mentioned in relation to an area
(e.g. an infested zone).

Inspection

Official visual examination of plants, plant products or other
regulated articles to determine whether pests are present or to
determine compliance with phytosanitary regulations (ISPM 5: FAO,
2019).

Inspection unit

The inspection units are the plants, plant parts, commodities or pest
vectors that will be scrutinised to identify and detect the pests. They
are the units within the epidemiological units that could potentially
host the pests and on which the pest diagnosis takes place (EFSA,
2018).

analogous to sample unit
used in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)
Inspector

Person authorised by a national plant protection organisation to
discharge its functions (ISPM 5: FAO, 2019).

Method sensitivity

The conditional probability of testing positive given that the
individual is infected (Dohoo et al., 2010). The method sensitivity
(MeSe) is defined as the probability that a truly positive host tests
positive. It has two components: the sampling effectiveness (i.e.
probability of selecting infested plant parts from an infested host
plant) and the diagnostic sensitivity (characterised by the visual
inspection and/or laboratory test used in the identification process).

analogous to the term
efficacy of detection used
in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)

The diagnostic sensitivity is the probability that a truly positive
sample will result positive and is related to the analytical sensitivity.
It corresponds to the probability that a truly positive inspection unit
or sample will be detected and confirmed as positive.
The sampling effectiveness depends on the ability of the inspector
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to successfully choose the infested plant parts in a host plant. It is
directly linked to the sampling procedure itself and on the training
and expertise of the inspectors to recognise the symptomatology of
the pest. Furthermore, symptom expressions are dependent, among
other factors, on the weather conditions as well as on the
physiological stage of the host plant when the sample is taken.
Pest

Any species, strain or biotype of plant, animal or pathogenic agent
injurious to plants or plant products (ISPM 5: FAO, 2019).

Pest diagnosis

The process of detection and identification of a pest (ISPM 5: FAO,
2019).

Pest freedom

Pest freedom can be defined, for a given target population, in a
statistical framework, as the confidence of freedom from a certain
pest against a pre-set design prevalence (threshold of concern).

Population size

The estimation of the number of the plants in the region to be
surveyed (EFSA, 2018).

Prevalence

Pest prevalence is the fraction of infested units in the total
population of host plants.

analogous to the term
incidence (of a pest)

defined in the ‘Glossary of
phytosanitary terms’ (ISPM 5:
FAO 2019)

Pest incidence is the proportion or number of units in which a pest is
present in a sample, consignment, field or other defined population
(ISPM 5: FAO 2019).

Relative risk

The ratio of the risk of infestation in the exposed group to the risk of
infestation in the non-exposed group (Dohoo et al., 2010).

Representative sample

A sample that describes very well the characteristics of the target
population (FAO, 2014).

RiBESS+

Risk-based surveillance systems. This is an online application that
implements statistical methods for estimating the sample size, global
(and group) sensitivity and probability of pest freedom. Free access
to the software with prior user registration is available at
https://shiny-efsa.openanalytics.eu/

Risk assessment

Evaluation of the probability of the introduction and spread of a pest
and the magnitude of the associated potential economic
consequences (ISPM 5: FAO, 2019).

Risk factor

A factor that may be involved in causing the disease (FAO, 2014).
It is defined as a biotic or abiotic factor that increases the probability
of infestation of the epidemiological unit by the pest. The risk
factors relevant for the surveillance should have more than one level
of risk for the target population. For each level, the relative risk
needs to be estimated as the relative probability of infestation
compared with a baseline with a level 1.
Consideration of risk factors in the survey design allows the survey
efforts to be enforced in those areas, where the highest probabilities
exist to find the pest.
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Risk-based survey

A survey design that considers the risk factors and enforces the
survey efforts in the corresponding proportion of the target
population.

SAMPELATOR

Sample size calculator. This is an online application that implements
statistical methods to estimate the sample size for pest prevalence
estimation surveys. Free access to the software with prior user
registration is available at https://shiny-efsa.openanalytics.eu/

Sample size

The sample size refers to the output of the statistical tools for
survey design (RiBESS+ and SAMPELATOR).
‘A well-chosen sample will contain most of the information about a
particular population parameter but the relation between the sample
and the population must be such as to allow true inferences to be
made about a population from that sample.’ (BMJ, online).
The survey sample consists of the required number of ‘inspection
units’ or samples thereof to be examined and/or tested in the survey
to retrieve sufficient information on the pest presence or prevalence
in the total population. For risk-based surveys, the sample size is
calculated on the basis of statistical principles that integrate risk
factors.
If the examination for pest presence is performed by laboratory
testing, at least one sample is taken from each inspection unit.
These samples will undergo relevant laboratory testing.

Sampling effectiveness

For plants, it is the probability of selecting infested plant parts from
an infested plant. For vectors, it is the effectiveness of the method
to capture a positive vector when it is present in the survey area.
For soil, it is the effectiveness of selecting a soil sample containing
the pest when the pest is present in the survey area.

Specified plant

The plant species known to be susceptible to the pest.
For example, for Xylella fastidiosa, the list of specified plants can be
found in Annex II of Commission Implementing Regulation (EU)
2020/1201.

Survey

An official procedure conducted over a defined period of time to
determine the characteristics of a pest population or to determine
which species are present in an area (ISPM 5: FAO, 2019).

Target population

The set of individual plants or commodities or vectors in which the
pest under scrutiny can be detected directly (e.g. looking for the
pest) or indirectly (e.g. looking for symptoms suggesting the
presence of the pest) in a given habitat or area of interest. The
different components pertaining to the target population that need
to be specified are:
• definition of the target population: the target population has
to be clearly identified;
• target population size and geographic boundary.
(EFSA, 2018)
Official examination of plants, plant products or other regulated

analogous to consignment
used in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)

Test
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articles, other than visual, to determine whether pests are present,
identify pests or determine compliance with specific phytosanitary
requirements (ISPM 5: FAO, 2019).
Test specificity

The conditional probability of testing negative given that the
individual does not have the pest of interest (Dohoo et al., 2010).
The test diagnostic specificity is the probability that a truly negative
epidemiological unit will give a negative result and is related to the
analytical specificity. In pest freedom it is assumed to be 100%.

Visual examination

The physical examination of plants, plant products, or other
regulated articles using the unaided eye, lens, stereoscope or
microscope to detect pests or contaminants without testing or
processing (ISPM 5: FAO, 2019).
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Appendix A –
A.1.

Introduction to sample survey design

Survey parameters

Sample survey design comprises all steps carried out in order to obtain a descriptive or inferential
statistic of a specific population of interest by just studying a portion of that population (Kalton, 1983;
Kish, 1965). When the whole population () is examined then inferences are unnecessary, as
estimation methods are not needed, given that the whole population was scrutinized. Although,
census provides the ideal answer to any specific question, a survey has several advantages such as
cost-effectiveness; less time and hence the required statistics are likely to be obtained when they are
still relevant. Moreover, it is not always feasible to study the whole population. All these advantages
only apply if the survey is designed in accordance to statistical guidelines that ensure the control of
specific errors that may arise due to studying only part of the population (Stopher and Meyburg,
1979). The guidelines are a collection of decisions such as the way in which data is collected, the
method used for processing the data and sample design (Kalton, 1983, p. 6).
As it was already mentioned in the work plan in designing a sample survey (EFSA, 2018) it is of the
utmost importance to have a clear definition of the target population, and its elements, i.e. the units
that make up the population from which information is sought. For instance, EFSA is mandated to
collect data from EU Member States on a wide range of topics, like pesticide monitoring in food items,
monitoring zoonoses and food-borne outbreaks in humans, food and animals, residues of chemical
elements in foods of animal origin, and antimicrobial resistance in zoonotic and indicator bacteria from
food‐producing animals and food. Although the data for each topic are obtained from EU Member
States, the elements of the targeted population are different. However, the principles of survey design
are universal and the guidelines could also be applied to other surveys in which EFSA is involved. For
pesticide monitoring, the elements are obtained from food items only, while for zoonoses and foodborne diseases, humans are also sample elements. In addition to recognising the elements, a clear
definition of the population has to be stated.
The definition of the population should be linked with the objectives of the sample survey. Objectives
can broadly be divided into two groups: estimation and inference. In order to evaluate control
measures that are in place, the objectives of the survey should be centred on estimation, mainly used
to produce quantitative and numerical descriptions (estimation) of relevant aspects of a target
population, like the proportion of the population with a trait of interest (population infested with a
specific pest). For a survey conducted to estimate a parameter of interest in a population, some level
of certainty (usually expressed as a confidence interval) is associated with the estimate obtained.
Confidence intervals provide a range of values in which we believe the true value of the parameter
lies, and we commit a type I error if the true value does not lie within the estimated range. The
probability of committing this type of error is specified in advance and incorporated into the sample
size calculation during the survey design in order to keep it under control.
After clearly defining the target population and the aims of the survey, issues on how to decide on the
portion of the population that needs to be included in the survey can be addressed. Such issues are
collectively referred to as sample design. A choice has to be made between using probabilistic or nonprobabilistic sampling methods.
The main characteristic of non-probabilistic sampling methods is that elements are chosen arbitrarily
and it is not possible to associate each element with a probability of being selected. Examples include:
(i) convenience sampling, where elements are selected if they can be easily and conveniently
accessed; (ii) volunteer sampling, where elements are included upon volunteering; (iii) judgement
sampling, where the researcher decides on the elements that are likely to be representative of the
population and hence included in the survey; and (iv) quota sampling, where sampling is carried out
until a specific number of units (quotas) for various sub-populations have been selected. Nonprobabilistic methods are prone to subjectivity and may affect the representativeness of the resulting
sample. Due to arbitrariness in the selection of elements, it is difficult to quantify the impact that a
non-representative sample would have on the survey results. Nevertheless, in some instances nonprobabilistic methods may be the only option.
In probabilistic methods, every element in the population has a non-zero probability of being selected,
thereby minimising subjectivity, and several choices exist that ensure representativeness of the
sample. All probabilistic methods assume the existence of a sampling frame, from which elements can
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be selected. This can be in form of a list of all elements in the population or some equivalent
procedure identifying the elements in the population. Within the sampling frame, sampling units also
have to be defined, these are the units that will actually be selected, and these might be the individual
elements or groups that contain the population elements. The definition and organisation of the
sampling frame/units is one of the factors that influence the choice of the sample design.
The importance of selecting a sample that will achieve the pre-specified aims cannot be
overemphasised. In general, choosing a sample design that will require input from several interested
parties and trade-offs is inevitable. These trade-offs should be well documented and be integrated (if
possible) into production of the statistics of interest. Note that estimates of the population
characteristics and sampling variability approximation depend on the sample design; thus a survey is
basically identified by its sampling design. A more detailed description of the sampling designs is given
in the following sections.

A.2.

Sampling designs used for pest prevalence surveys

A.2.1. Simple random sampling
Simple random sampling (SRS) is the simplest form of drawing elements from a targeted population.
It involves drawing elements successively such that each population member has an equal and nonzero probability of being selected (Barnett, 2002). Assume we have a population with 𝑁 elements and
we would like to draw a sample of 𝑛 elements. For selection with replacement, i.e. a selected element
is returned in the population and thus can be selected more than once, each population element has a
1
selection probability of
at each sampling turn. Otherwise, if selection is without replacement,
𝑁

selection probability changes at each sampling turn, i.e. at first sampling turn each element has
selection probability,

1
𝑁−1

1
𝑁

at the second turn, etc. When sampling is without replacement 𝑛 cannot

exceed N, while if sampling is with replacement 𝑛 can be any value. Many statistical theories assume
sampling with replacement, (Kish, 1965). Sampling units are the individual population elements.
Though the theory and mathematical properties of SRS are well developed, it is rarely used in
practice, mostly because it is not feasible. For example, in the Phyllosticta citricarpa monitoring, a
numbered list of citrus fruit would be required to perform a randomised selection process. When the
population is too large and sparse, selected elements may be very far apart, thereby decreasing
efficiency in executing the survey and increasing the costs. These and other practical considerations
make SRS the least popular design in practice. Nevertheless it is the basis of all the other designs
such that in some situations computations from SRS can be used to approximate those from other
more complex designs by adjusting with some known factors; hence its properties are useful. The
precision of other sampling designs is usually compared with the precision in SRS.
When estimation of some characteristics of the targeted population is of interest, it is important that
the estimate be obtained with the highest precision practically possible. Sample size is thus calculated
with the aim of obtaining a desired level of precision. Let 𝑌1 , 𝑌2 , … , 𝑌𝑖 … , 𝑌𝑁 be elements from the
targeted population with variance, var(𝑌𝑖 ) = 𝑆 2, 𝑙𝑒𝑡 𝑌̅ be the population mean and var(𝑌̅ ) = 𝑆 2 /𝑁.
Likewise, let 𝑦1 , 𝑦2 , … , 𝑦𝑖 , … , 𝑦𝑛 , 𝑦̅, 𝑠 2 , and var(𝑦̅) = 𝑠 2 /𝑛 be the corresponding quantities from the
sample (𝑠 2 is the element variance). It can be shown that the sample size 𝑛 can be obtained as:
𝑛

𝑛=

(𝑦𝑖 − 𝑦̅)2
4 𝑧2𝑠2 𝑧2 𝑠2
= 2 , where s 2 = ∑
2
𝑤
𝑑
𝑛−1
𝑖=1

Where 𝑤 2 is the desired width of the confidence interval for the estimated mean, 𝑑 is the margin of
error, defined as the error which the researcher is willing to accept in estimating the statistic of
interest and 𝑧 is the normal quantile of 𝛼 (𝑡𝑦𝑝𝑒 𝐼 𝑒𝑟𝑟𝑜𝑟), the risk that a researcher is willing to accept
that the true margin of error exceeds the acceptable margin of error (Bartlett et al., 2001). It is clear
that a smaller sample size corresponds to a large margin of error. While 𝑑 and 𝑧 are usually fixed,
var(𝑦̅) depends on the sampling design.

A.2.2. Multi-stage sampling
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In SRS the sampling units are individual population elements, i.e. each sampling unit has only one
element. As noted in the section for SRS, this method of selecting elements is not always viable. In
such cases it may be useful to select groups of elements rather than individual elements; such groups
are known as clusters. Clusters are a composition of several population elements. For example, in
selecting a sample for monitoring a pest in crops within a Member State, it is more practical to select
fields/orchards (these can be easily enumerated) and then include a certain number of hosts from a
selected field/orchard in the survey. In this example, fields and orchards are clusters since they are
both made up of a group of population elements (host plants). Note that each population element can
only be in one cluster at a particular time. It is important that the defined clusters do not overlap.
The obvious advantage of multi-stage sampling over SRS is its cost-effectiveness in terms of listing
and locating the elements (Kalton, 1983). The major drawback is the increase in element variance.
The nature and size of the selected clusters determine whether all the elements in the selected cluster
are included in the survey or further sampling within the cluster is needed. When the clusters are very
large, as would be the case with fields or orchards in the example given above, elements can be
sampled in two phases: firstly, the Member State is divided into clusters and SRS is used to select the
required clusters; secondly, within each selected cluster a sample of elements is drawn. This is
referred to as sub-sampling and it can be extended to more than two phases when necessary. When
the final cluster size is small, all the elements in the selected clusters can be included in the sample,
otherwise another stage of sampling may be required.

A.2.3. Impact of clustering
It is well known that the information contained in such a sample is less than the information that
would have been in the same sample, assuming independence. Elements within the same cluster are
likely to be more similar than elements between clusters. The strength of this similarity is quantified
using the coefficient of intraclass correlation (𝜌). This amount of information in clustered data
depends not only on the cluster size, but also on the structure and strength of the correlations among
observations from the same cluster (Faes et al., 2009).
The impact of clustering is assessed through the design effect (𝐷), defined as the ratio of variance of
the estimate under SRS to variance under the design of interest, multi-stage sampling in this case.
For 𝜌 > 0, 𝐷 > 1 and this means variance from the cluster sampling sample is larger than variance
from SRS sample with the same sample size. For the maximum value of 𝜌 = 1, 𝐷 equals the cluster
size. Thus we would require a sample size 𝐷 times larger under cluster sampling than would be
required under SRS, and 𝜌 = 0 corresponds to 𝐷 = 1. That is, the variance in the cluster sample is the
same as that in SRS for the same sample size. In general, bigger cluster sizes and large intraclass
correction give high values of 𝐷. Design effect can also be used to obtain the effective sample size,
i.e. the sample size one would need in an independent sample to equal the amount of information in
the actual correlated sample.
Assume we have a targeted population for which sampling in groups (clusters) would be cost effective
enough to justify the loss in precision. Define 𝑌𝑖𝑡, as the 𝑖 𝑡ℎ element in the 𝑡 𝑡ℎ cluster and denote 𝑌̅𝑐 as
the population mean. It can be shown (Kish, 1965) that var(𝑌̅𝑐 ) = 𝑆𝑐2 /𝐴, where 𝐴 is the total number
of clusters in the population. Likewise, let 𝑦𝑖𝑡 , 𝑦̅𝑐 and var(𝑦̅𝑐 ) = 𝑠𝑐2 /𝑎 be the corresponding quantities
for the sample. Selection of elements proceeds by selecting 𝑎 out of A clusters using SRS and
including all elements from the selected clusters in the survey. It follows that the total sample size 𝑛 =
𝑎𝐵, where 𝐵 is the total number of elements sampled in each cluster. The number of clusters to be
selected can be obtained as:
𝑎=

4𝑧 2 𝑠𝑐2 𝑧 2 𝑠𝑐2
= 2 ,
𝑤2
𝑑

Where
𝑎

𝑠𝑐2 = ∑
𝑡=1
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Where 𝑦̅𝑡 is the estimated mean in 𝑡 𝑡ℎ cluster, the rest of the parameters are as defined in the SRS
scenario. Note that 𝑠𝑐2 computes the variability of cluster means from the overall mean or alternatively
the variance between clusters.
Alternatively, if instead of including all elements from the selected clusters, only a selection 𝑏 out of
the 𝐵 elements within a cluster is taken, the sample size can be obtained by adjusting the SRS
variance with the design effect. Design effect was defined as the ratio of variances under the SRS
design and the design of interest (i.e. cluster sampling), and for the mean estimate, this implies:
𝐷 = [1 + 𝜌(𝑏 − 1)] =
⟹

𝑠𝑐2 /𝑎
𝑠 2 /𝑛

𝑠𝑐2
𝑠2
= [1 + 𝜌(𝑏 − 1)] × .
𝑎
𝑛

The margin of error for the mean estimate under cluster sampling is given by:
𝑑=𝑧√

𝑠𝑐2
𝑠𝑐2
⟹ 𝑑2 = 𝑧2
𝑎
𝑎

⟹ 𝑑 2 = 𝑧 2 [1 + 𝜌(𝑏 − 1)] ×
⟹ 𝑛 = [1 + 𝜌(𝑏 − 1)] ×

𝑠2
𝑛

𝑧2𝑠2
.
𝑑2

A.2.4. Stratified sampling
When the population of interest falls naturally into groups, sampling may be organised within each of
these groups. Such groups are known as strata. As an example, for a sampling exercise encompassing
an EU Member State, which is subdivided into NUTS regions, each of these NUTS regions could be
considered a stratum.
In this type of sampling, the characteristic of interest is surveyed and analysed within each stratum,
after which the results are combined, to provide an overall sample result. Within each stratum, various
sampling procedures may be used; for instance, SRS, or multi-stage sampling.
An important consideration in stratified designs is the allocation of the total sample size to the various
strata. There are different approaches to this:
1. Proportional allocation
In this approach, a uniform sampling fraction is used across the strata. The sample size allocated to
each stratum is proportional to the stratum size.
2. Neyman allocation
Assuming equal costs across strata, the allocation that focuses on minimising sampling variance is
called the Neyman allocation. Strata which have more variability are allocated a larger sample size.
Given a specified allocation scheme, and the desired precision (here represented by the margin of
error), the required overall sample size, as well as the allocation to strata, can be determined.
Suppose a population of size 𝑁 is stratified into 𝐻 strata, each of size 𝑁ℎ , ℎ = 1, … , 𝐻. The ‘weights’
𝑁
𝑊ℎ = ℎ denote the population proportion of the strata. Simple random samples are drawn separately
𝑁

within strata.
For the estimation of the population mean 𝑌̅ , the stratified estimator is given as
𝑦̅𝑠𝑡 = 𝑊1 𝑦̅1 + 𝑊2 𝑦̅2 + ⋯ + 𝑊𝐻 𝑦̅𝐻 = ∑𝐻
̅ℎ ,
ℎ=1 𝑊ℎ 𝑦
with 𝑦̅ℎ the stratum sample means. The variance of this estimator, ignoring the finite population
correction factor, can then be expressed as
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𝐻

𝑉𝑎𝑟(𝑦̅𝑠𝑡 ) = ∑ 𝑊ℎ2
ℎ=1

𝑆ℎ2
,
𝑛ℎ

with 𝑛ℎ the stratum-specific sample size; ∑ℎ 𝑛ℎ = 𝑛, where 𝑛 is the ‘total’ sample size, and 𝑆ℎ2 the
population variance in stratum ℎ. The finite population correction factor can be incorporated as in
Barnett (1991, p. 110), Kalton (1983, p. 20) and Groves et al. (2004, p. 112).
Estimators for the population variances in the strata are given as
𝑛ℎ

𝑠ℎ2

1
=
∑(𝑦ℎ𝑖 − 𝑦̅ℎ )2
𝑛ℎ − 1
𝑖=1

A proportion is just a special case of a mean, and, therefore, estimation of a population proportion 𝑃
follows similar logic:
𝑝𝑠𝑡 = 𝑊1 𝑝1 + 𝑊2 𝑝2 + ⋯ + 𝑊𝐻 𝑝𝐻 = ∑𝐻
ℎ=1 𝑊ℎ 𝑝ℎ ,
with 𝑝ℎ the stratum sample proportions. An estimator for the variance of 𝑝ℎ , ignoring the finite
population correction factor, can then be expressed as
𝐻

𝑣𝑎𝑟(𝑝𝑠𝑡 ) = ∑ 𝑊ℎ2
ℎ=1

𝑝ℎ (1 − 𝑝ℎ )
.
𝑛ℎ − 1

This is usually approximated to
𝐻

𝑣𝑎𝑟(𝑝𝑠𝑡 ) = ∑ 𝑊ℎ2
ℎ=1

𝑝ℎ (1 − 𝑝ℎ )
.
𝑛ℎ

To estimate the mean with a margin of error of size 𝑑, the sample size required is derived as follows.
A sample size 𝑛 is required, such that
𝑧√𝑉𝑎𝑟(𝑦̅𝑠𝑡 ) = 𝑑.
Substituting for 𝑉𝑎𝑟(𝑦̅𝑠𝑡 ), we have that
𝐻

𝑧√∑ 𝑊ℎ2
ℎ=1
𝐻

𝑧 ∑ 𝑊ℎ2
2

ℎ=1

Now, 𝑤ℎ =

𝑛ℎ
𝑛

𝑆ℎ2
= 𝑑,
𝑛ℎ

𝑆ℎ2
= 𝑑2.
𝑛ℎ

, the sample proportion of the stratum. Note that this is different from 𝑊ℎ , the population

proportion of the stratum. From the sample proportion of the stratum, 𝑛ℎ = 𝑛𝑤ℎ . Substituting for 𝑛ℎ
above, we get
𝐻

𝑧 ∑ 𝑊ℎ2
2

ℎ=1

𝑆ℎ2
= 𝑑2.
𝑛𝑤ℎ

We solve for 𝑛 in this equation, obtaining
𝑛=

𝑧2
𝑁ℎ 2 𝑆ℎ2
∑
(
)
.
𝑑2
𝑁 𝑤ℎ
ℎ

1. Proportional allocation
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Under proportional allocation, the proportions of the sample in the stratum, 𝑤ℎ , are set equal to the
𝑁
proportions of the population in the stratum, 𝑊ℎ ; i.e. 𝑤ℎ = 𝑊ℎ = ℎ . The formula to calculate the
𝑁

sample size is then
𝑛=

𝑧2
𝑁ℎ
∑ 𝑆ℎ2 .
2
𝑑
𝑁
ℎ

2. Neyman allocation
Neyman allocation (Groves et al., 2004, p. 117; Som, 1996, p. 211; Kalton, 1983, p. 24; Barnett,
1991, p. 120) is the allocation that minimises sampling variance, assuming equal costs across strata.
It is sometimes referred to as the optimum allocation (Som, 1996, p. 211).
Neyman allocation requires the following:
𝑛ℎ =

𝑊ℎ 𝑆ℎ
𝑛
∑ 𝑊ℎ 𝑆ℎ

This implies that for a margin of error of size 𝑑, the following sample size is required:
𝑛=

2
𝑧2
(∑ 𝑊ℎ 𝑆ℎ ) .
2
𝑑

A.2.5. Designs for measuring change over time
It is often tempting to compare the results of a particular survey with similar surveys from the past
with the aim of assessing change over time. This should essentially be possible if the same variable
was measured in the different surveys. If measuring change over time is the main objective of the
survey, it is important to outline this clearly from the beginning, because measuring change based on
surveys designed to measure a different quantity, e.g. population mean, may result in less precise
estimates or low power to detect the change.
A distinction is usually made between gross and net change. For example, in a pest outbreak
monitoring survey, the change in the number of infested hosts from 2007 to 2010 may be measured
as follows: select host elements for the 2007 survey and estimate the number of infested host cases
by the specific pest; follow the same elements at some pre-specified time intervals for the whole
period 2007–2010. At each time interval, estimate the number of infested hosts. By the end of study
period (2010), the change in the number of infested hosts between 2007 and 2010 can be estimated.
The crucial characteristic of this method of measurement is that it allows changes of an individual
element to be tracked. Alternatively, after estimating the number of infested hosts in 2007, we can
collect another independent sample in 2010 and compute the required estimate. The change in the
number of infested hots is obtained as the difference between the estimates from the two years. The
choice of which measure to use totally depends on the objective(s) of the survey.
In general, repeated survey designs are recommended for measuring change. These can either be
panel designs or repeated cross-sectional surveys. Panel designs allow measurement of both net and
gross change while repeated cross-sectional surveys only allow for gross change.
A longitudinal survey is a well-known form of panel design where the initial selected sample is
followed for the whole period of the survey and they produce precise net change estimates. To put
things in perspective, consider a survey conducted at time 𝑡 and 𝑡 + 1, where the interest is in
estimating change in the mean of variable 𝑦 (𝑦̅) between time 𝑡 and 𝑡 + 1, Δ = 𝑦̅𝑡+1 − 𝑦̅𝑡 . It can be
shown that
Var(Δ) = Var(𝑦̅𝑡+1 ) + Var(𝑦̅𝑡 ) − 2√Var(𝑦̅𝑡+1 )Var(𝑦̅𝑡 ) Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ).
It follows that the Δ will be estimated more precisely if Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ) is high and positive. The best
way to attain high and positive correlations is to use the same elements both at time 𝑡 and 𝑡 + 1. This
is achieved with a longitudinal survey. Medium and positive correlations can be obtained if there is
some degree of overlap between elements at time 𝑡 and 𝑡 + 1, which can be realised through another
form of panel design, referred to as rotating panel surveys. In this design, the sample at 𝑡 + 1 will
partially be composed of elements from the sample at 𝑡, hence change will be estimated with medium
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precision. Given that negative correlations are very rare in surveys, Var(Δ) will be the highest when
Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ) = 0, and this corresponds to repeated cross-sectional surveys where the elements for
the sample at 𝑡 are different from (independent of) the elements in the sample at 𝑡 + 1. Note that
while repeated cross-sectional surveys will lead to less precise change estimates than longitudinal
surveys, the former produces highly precise population mean estimates (𝑦̅𝑡 and 𝑦̅𝑡+1 ) than the latter.
Indeed, note that
Var(𝑦̅𝑡+1 ) = Var(Δ) − Var(𝑦̅𝑡 ) + 2√Var(𝑦̅𝑡+1 )Var(𝑦̅𝑡 ) Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ), and
Var(𝑦̅𝑡 ) = Var(Δ) − Var(𝑦̅𝑡+1 ) + 2√Var(𝑦̅𝑡+1 )Var(𝑦̅𝑡 ) Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ),
will have low values when Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ) is close to zero. Thus if the main interest is on the individual
population estimates at each time point, then repeated cross-sectional surveys are recommended;
otherwise panel designs should be used.
In longitudinal surveys, both 𝑦̅𝑡 and y̅t+1 estimate the population mean for the population defined at
time 𝑡 since the same elements are followed for the whole survey period. If the population is dynamic,
y̅t+1 does not estimate the population mean for the population at time 𝑡 + 1. Population elements
included in the survey at time 𝑡 are likely to be selected such that the resulting sample is
representative for the population at that time, which might not necessarily be representative of the
population at time 𝑡 + 1.
On the other hand, in repeated cross-sectional surveys, each estimate, i.e. 𝑦̅𝑡 and 𝑦̅𝑡+1 , estimates the
population mean for the population at that particular time. This is because at each time point a fresh
sample is selected. This important difference between the two types of survey and practicality are
important determining factors for deciding which type of survey to use. For example, longitudinal
surveys are impractical for the pesticide monitoring study since it is not possible to follow samples of
commodities over a period of time. For pest monitoring, we could consider following up the host
plants
In addition to precision and representativeness considerations, the power to detect expected change
is also a crucial factor in surveys that are meant to measure change. Say we need a power of 1 − 𝛽 =
0.80 to detect a change δ = 0.05 (in proportions) for a two-sided alternative hypothesis at 𝛼 = 0.05
type I error level. Further, let Var(𝑦̅𝑡 ) = Var(𝑦̅𝑡+1 ) = 0.25.
Let the survey elements at the two time intervals be the same such that Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ) = 0.95. It
follows that
Var(Δ) = 0.25 + 0.25 − 2 × 0.25 × 0.95 = 0.025
The required sample size is
n=

0.025( 1.96 + 0.84)2
≈ 78
0.052

Let the survey elements at the two time intervals overlap such that Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ) = 0.5. It follows that
Var(Δ) = 0.25 + 0.25 − 2 × 0.25 × 0.95 = 0.25
The required sample size is
n=

0.25( 1.96 + 0.84)2
≈ 784
0.052

Let the survey elements at the two time intervals be independent such that Corr(𝑦̅𝑡+1 , 𝑦̅𝑡 ) = 0.01. It
follows that
Var(Δ) = 0.25 + 0.25 − 2 × 0.25 × 0.01 = 0.495
The required sample size is
n=

0.495( 1.96 + 0.84)2
≈ 1552
0.052

Thus a repeated cross-sectional survey will require a sample size about 20 times larger than a
longitudinal survey to detect a change of 0.05 with 80% power.
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For a pest from which the host recovers and eradication measures are not applied, longitudinal
surveys would be the preferred option to measure changes over time as the sample size could be
drastically reduced. However, for those pests where the host does not recover from infestation, or
eradication measures that withdraw the host plant from the targeted population are in place, crosssectional surveys should be conducted instead.

A.3.

Principles used in a surveillance design to substantiate pest freedom

The various sampling designs could be used for this purpose as well. In general, SRS schemes are
discussed when sample size calculations are presented. In this document the sample size needed to
detect an infestation when its prevalence is at or above a so-called design prevalence is based on the
principles developed by Cannon (2002), assuming the binomial or the hypergeometric probability
distributions, depending on the size of the population under investigation.
If the population can be considered infinite 19 (i.e. the individual probability of being positive does not
change throughout the sampling exercise; also referred to as ‘sampling with replacement’), the
binomial distribution can be used:
𝐶𝐿 = 1 − (1 − 𝐷𝑃 ∙ 𝑀𝑒𝑆𝑒)𝑛
where 𝐶𝐿 is the confidence achieved when all test results are negatives, 𝐷𝑃 is the design prevalence,
𝑀𝑒𝑆𝑒 is the method sensitivity and 𝑛 is the sample size.
From which n can be derived as follows:
𝑛=

𝑙𝑜𝑔(1 − 𝐶𝐿)
𝑙𝑜𝑔(1 − 𝐷𝑃 ∙ 𝑀𝑒𝑆𝑒)

While, if the population is finite, the hypergeometric adjustment is needed. In this case, the
confidence achieved is given by:
CL ≅ 1 − (1 −

𝑁∙𝐷𝑃
𝑛 ∙ 𝑀𝑒𝑆𝑒
)
𝑁 − 0.5 ∙ (𝑁 ∙ 𝐷𝑃 ∙ 𝑀𝑒𝑆𝑒 − 1)

where N is the total population size.
In this case the sample size is given by:
𝑛 ≅

(1 − (1 − CL)1⁄(𝑁∙𝐷𝑃) ) ∙ (𝑁 −
𝑀𝑒𝑆𝑒

1
∙ (𝑁 ∙ 𝐷𝑃 ∙ 𝑀𝑒𝑆𝑒 − 1))
2

The sample size calculation assumes a diagnostic test with 100% specificity (Sp = 1), given that the
design of any survey to demonstrate the absence of a pest should specify a sequence of further
testing that would be performed to clarify the true status when a positive reaction is reported.
An important assumption when SRS is considered is that no risk factor plays a role in the distribution
of the infestation, meaning that the target population is homogeneously distributed in the study area
(e.g. a Member State) and that the infested units are homogeneously distributed across the target
population. If these assumptions are not valid, the scenario-tree modelling techniques introduced by
Martin et al. (2007) can be used, which explicitly account for non-representative sampling approaches.
These methods capture the effect of differential sampling from population strata with different risks of
infestation, allowing quantification of the benefits of risk-based sampling. The risk-based sampling
refers to the consideration of infestation risk factors when determining the sampling pressure applied
in different strata of the population under surveillance (Cameron, 2012).
The principle is that the design prevalence (𝐷𝑃), as a single value, implies that all units within the
target population have the same average probability of being infested. Scenario-tree modelling

19

Though a universal definition of ‘infinite’ and ‘finite’ population does not exist (as it depends on the prevalence, the test
sensitivity and the desired level of confidence) the rule of thumb is that a population can be considered ‘infinite’ when n/N <
0.1 (Evans M, Hastings N and Peacock B, Statistical Distributions, Third Edition. Wiley Interscience, 2000)
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effectively divides the population into different risk groups, using the relative risk of infestation in each
group to adjust DP to reflect the group-level probability of infestation (Cameron, 2012).
Once risk factors are identified and the levels for each risk factor of the target population can be
subdivided into subgroups of host plants that could be considered to have the same risk of infestation.
The proportion of the population within each risk subgroup 𝑖 (𝑃𝑃𝑖 ) could be used together with the
relative risk (𝑅𝑅𝑖 ) associated with each of the subgroups relative to a baseline subgroup. The 𝐷𝑃 is
then adjusted for each subgroup considering these two parameters, relative risk and population
proportion, using the following formula:
𝑊𝑅𝑖 =

𝑅𝑅𝑖
𝑟
∑𝑗=1 𝑃𝑃𝑗 ∙ 𝑅𝑅𝑗

where 𝑊𝑅𝑖 is the weighted risk for subgroup 𝑖 of the population. To calculate the adjusted 𝐷𝑃 (𝐸𝑃𝐼𝑖 )
the original DP should be multiplied by the weights 𝑊𝑅𝑖 as follow:
𝐸𝑃𝐼𝑖 = 𝑊𝑅𝑖 ∙ 𝐷𝑃
The 𝐸𝑃𝐼𝑖 is then used in combination with method sensitivity, confidence and population size to
estimate the number of samples that need to be collected in each subgroup to achieve the desired
confidence for each subgroup. Where an overall confidence is desired, then convenience sampling
schemes could also be considered to ensure that samples are distributed by subgroups in order to
ensure the expected convenience proportions.
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Appendix B –

Example of a list of equipment for field inspections

Generic list of equipment for inspections
This document is intended to assist phytosanitary inspectors in the selection of basic equipment for
general and specific inspection situations. The list does not claim to be exhaustive nor mandatory, but
should serve as guidance. Information on recommended methods and additional equipment necessary
for the detection and sampling of specific pests can be found in the respective pest survey cards and
corresponding Story maps (EFSA, online). A checklist of general equipment and additional equipment
for specific survey situations is provided in Table B1. It should be noted that usually several rows of
the table apply to one survey (e.g. general + trees + arthropod).

General equipment
Detailed documentation is required for each form of survey and sampling. Negative results should be
recorded and samples must be accompanied by a sample submission form and be labelled to ensuring
their traceability. The inspector should be prepared to encounter different symptoms and organisms
(fungi, arthropods, viruses), it is therefore appropriate to pack different types and sizes of sample
containers (paper bags, sealable plastic bags, sample vials). For sampling, pruning shears, a
dissecting set (containing tweezers, spring steel tweezers, a scalpel and scissors) and a knife should
be available. As tools should be disinfested after every sampling, a disinfestant and paper towels are
necessary. Disposable gloves are used to protect the inspector (e.g. from stinging hairs from insects,
contact with chemicals) and to protect the samples from contamination. With working gloves, sharpedged objects (e.g. thorny bushes) can be pushed aside without danger and they protect the hands
when carrying out intense physical work (shovelling, lifting branches, taking soil samples). Optional,
for angled (between planting tables, in tree holes) or dark areas, a telescopic mirror and a flashlight
can facilitate the inspection. A magnifying glass, preferably with light, allows pests to be detected and
classified on the spot. Often, in the field (e.g. arable land, forest), the location of trees or soil
sampling sites cannot be accurately recorded with a specific address. It is therefore recommended to
record these locations with a GPS device. In the field, it can be useful to carry water for cleaning the
equipment.

Characteristics of survey sites and plant architecture
Trees, regardless of whether they are in a forest, in urban areas or as individual trees in an open

landscape, present special challenges for inspectors. Differences with, for example, studies in field
crops are mainly due to the size and lignification of the trees. Special equipment may include
binoculars for visual inspection of the tree crowns and the higher trunk area. A pole pruner allows the
sampling of higher twigs and branches. A saw may be needed to take samples and divide large plant
parts into manageable pieces. In order to reach higher areas in the tree, a ladder should be available
and a movable lifting platform might be required. Trees can be marked with marker spray. In order to
prevent uninvolved persons from entering the risk area (falling branches, drifting of fungi spores), the
work area should be secured with barrier tape. Personal protective equipment consisting of safety
shoes, safety goggles (during sawing operations) and a helmet is recommended, especially when
working in the forest. Additionally, it may be reasonable to wear a respirator, while working with wood
which is interspersed with fungi.

Commercial glasshouses/greenhouses. Greenhouses for the production of ornamental plants or
vegetables may have a high standard of hygiene to avoid the introduction and spread of pests like
viruses, bacteria and fungi. To avoid contamination and spread of pests, the inspector should wear
disposable gloves, shoe covers and, if necessary, a disposable overall. Sampling tools like scissors,
knives or pruning shears should be disinfested after at least every sampled plant, if not every sample.

Soil, roots or tubers, soil-dwelling organisms. Beside tools to dig in the soil, like shovels and spades, a
soil sampler and a rubber mallet for soil sampling are useful. A coarse sieve may be used to roughly
separate plant debris, tubers, soil and stones.

Trap checking and maintenance. Traps have to be checked regularly. Every sampling date is a good
occasion to maintain the trap. Traps may be damaged by animals or weather events; therefore it is
recommended to provide spare parts (depending on trap type), lures and trapping fluids and even a
few traps for replacement. The traps may be newly fixed with a wire or a cable tie. For sampling, it
could be useful to separate the catches from the trapping fluid with a paint strainer (mesh size
www.efsa.europa.eu/publications
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adapted to the specific pest). An additional cup is then necessary for transferring the liquid and, if the
trapping fluid is not reused, a waste disposal container. Table B1 lists the equipment needed for
inspections and sampling.
Table B1: List of equipment for inspections and sampling. General equipment is not listed again
under the specific survey situations or objects
Type/object
of inspection

Equipment

General

Documentation
Labels (self-adhesive), notepad with blotting pad, pencil, permanent marker
(solvent-resistant), sample submission form (blank), GPS device
Sample container
Paper bags (different sizes), plastic bags (sealable), sample vials (different sizes;
glass and plastic)
Tools
Branch shears, dissecting set (tweezers, spring steel tweezers, scalpel, scissors),
knife, pruning shears
Other
Cord, disinfectant (ethanol 70%, virucide), disposable gloves, flashlight,
magnifying glass (with light), paper towels, telescopic mirror, water, wire, working
gloves

Trees

Axe, barrier tape, billhook, binoculars, helmet, ladder, lifting platform, marker
spray, pole pruner, respirator, safety shoes, safety goggles, saw, wood chisel
(with wood mallet)

Soil

Bucket, coarse sieve, rubber mallet, shovel (with removable handle), soil sampler,
spade (foldable)

Arthropods

Entomological aspirator, landing net

Traps

Cable ties, filter paper, lure (species-specific), paint strainer (species-specific mesh
size), rubber mallet, trap cup, trapping fluid, container for waste trapping fluid,
spare parts (trap-specific like trap cups), wire

Greenhouse

Disposable clothing
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