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Foreword

This document (prEN 16413:2012) has been prepared by Technical Committee CEN/TC 264 “Air quality”, the secretariat of which is held by DIN.

This document is currently submitted to the CEN Enquiry.

Introduction

Biomonitoring and air quality policies at European Level 
The impact of air pollution is of growing importance worldwide. Local and regional assessment is necessary as a first step to collect fundamental information, which can be used to avoid, prevent and minimise harmful effects on human health and the environment as a whole. Biomonitoring may serve as a tool for such a purpose. As the effects on indicator organisms are a time-integrated result of complex influences combining both air quality and local climatic conditions, this holistic biological approach is considered particularly close to human and environmental health endpoints and thus is relevant to air quality management.

It is important to emphasise that biomonitoring data are completely different from those obtained through physico-chemical measurements (ambient concentrations) and computer modelling (emissions data). Biomonitoring provides evidence of the effects that airborne pollutants have on organisms. As such, it reveals biologically relevant, field-based, time- and space-integrated indications of environmental health as a whole. Legislation states that there should be no harmful environmental effects from air pollution. Only by investigating the effects at the biological level can this requirement be met. The application of biomonitoring in air quality and environmental management requires rigorous standards and a recognised regime so that it can be evaluated in the same way as physico-chemical measurements and modelling in pollution management.

Biomonitoring is the traditional way through which environmental changes have been detected historically. Various standard works on biomonitoring provide an overview of the state of the science at the time 
) 
) 
). The first investigations of passive biomonitoring are documented in the middle of the 19th century: By monitoring the development of epiphytic lichens, it was discovered that the lichens were damaged during the polluted period in winter and recovered and showed strong growth in summer 
). These observations identified lichens as important bioindicators. Later investigations also dealt with bioaccumulators. An active biomonitoring procedure with bush beans was first initiated in 1899 
).

Biomonitoring and EU legislation

Biomonitoring methods in terrestrial environments respond to a variety of requirements and objectives of EU environmental policy primarily in the fields of air quality (Air Quality Framework Directive), integrated pollution prevention and control (IPPC Directive and Industrial Emissions Directive IED) and conservation (Habitats Directive). The topics food chain 
) and animal feed 
) 
) 
) are alluded to as well.

For air quality in Europe (Directive 2008/50/EC 
)), the legislator requires adequate monitoring of air quality, including pollution deposition. Although biomonitoring methods are not explicitly mentioned or recommended at present, they consistently fit into the scope of short and long-term air quality assessment and mapping. 

Directive 2004/107/EC of 15 December 2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air 
) states that “the use of bio indicators may be considered where regional patterns of the impact on ecosystems are to be assessed”. 

Concerning IPPC from industrial installations (Directive 2008/1/EC 
) and Directive 2010/75/EU 
)), the permit procedure includes two particular environmental conditions for setting adequate emission limit values. The asserted concepts of “effects” and “sensitivity of the local environment” open up a broad field for biomonitoring methods, in relation to the general impact on air quality and the deposition of operational-specific pollutants. The basic properties – time and space integration, high local scale discrimination, deviation from normality – can be used advantageously for various applications such as reference inventories prior to the start of a new installation, the mapping of the potential pollution reception areas and (long-term) monitoring of industrial activity. The environmental inspection of installations demands the examination of the full range of environmental effects. For the public authority, biomonitoring data contribute to the decision-making process, e.g., concerning the question of tolerance at the local scale.

The Habitat Directive (92/43/EEC on the Conservation of Natural Habitats and of Wild Fauna and Flora 
)) requires competent authorities to consider or review planning permission and other activities affecting a European designated site where the integrity of the site could be adversely affected. The Directive also provides for the control of potentially damaging operations, whereby consent may only be granted once it has been shown through appropriate assessment that the proposed operation will not adversely affect the integrity of the site. The responsibility lies with the applicant to demonstrate that there is no adverse effect on such a conservation area. Biomonitoring could be used by the applicant as an unobtrusive form of appropriate assessment.

As an important element within its integrated environmental policy, in 2003 the European Commission adopted a European Environment and Health Strategy 
) with the overall aim of reducing diseases caused by environmental factors in Europe. In Clause 5 of this European Standard, it is stated that the “community approach entails the collection and linking of data on environmental pollutants in all the different environmental compartments (including the cycle of pollutants) and in the whole ecosystem (bio-indicators) to health data (epidemiological, toxicological, morbidity)”. The European Environment & Health Action Plan 2004-2010 
) which followed the adoption of this strategy focuses on human biomonitoring, but emphasises the need to “develop integrated monitoring of the environment, including food, to allow the determination of relevant human exposure“.

Biomonitoring with lichens
Many lichens, due to their morphological, ecological  and physiological peculiarities, are extremely sensitive to changes in their environment (Richardson, 1992; Nimis et al., 2002) such as eutrophication (Wolseley et al., 2006; Davies et al., 2007), climate  (Insarov & Schroeter, 2002; van Herk et al., 2002) and woodland management (McCune, 2000; Rose & Coppins, 2002).

Lichen diversity is an excellent indicator of pollution from phytotoxic gaseous substances (van Dobben et al., 2001; Nimis et al., 2002). Lichens respond relatively fast to a deterioration in air quality and can re-colonize urban and industrial environments as a consequence of changing conditions within a few years, as recorded in many parts of Europe (e.g. Seaward & Letrouit-Galinou, 1991; Sparrius, 2007).

The method proposed here determines the actual state of lichen diversity before or after exposure to air pollution and/or other types of environmental stresses. Correlative studies between lichen diversity and epidemiological studies suggest that bioindicators can be useful tools for detecting the possible effects of air pollution on human health (Cislaghi & Nimis, 1997).

This guideline proposes a standardized method to assess lichen diversity on tree bark, and is largely based on the German VDI Lichen Mapping Guideline (VDI, 1995; 2005), the French national norm (AFNOR, 2008), the Italian guidelines (Nimis, 1999; ANPA, 2001) and the publication by Asta et al. (2002). The interpretation of geographic patterns and temporal trends of lichen diversity may be assisted by using ecological indicator values (Hawksworth & Rose, 1970; Wirth, 1992; Nimis & Martellos, 2001, 2002), multivariate statistics, such as numerical analysis of matrices of species (Giordani et al., 2002; Giordani, 2006), non parametric models (McCune & Mefford, 2004; Giordani, 2007) or other statistical tools.

1 Scope

This European Standard aims to provide a reliable, repeatable and objective method for assessing epiphytic lichen diversity. According to international literature on the topic (see e.g. Nimis et al., 2002 for an overall outline), it provides a framework for assessing the impact of anthropogenic intervention , particularly for estimating the effects of atmospheric pollution.

2 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

2.1

biomonitoring

use of biological systems to monitor environmental change over space and time; biological systems can be further considered as bioaccumulators and bioindicators
Note 1 to entry:
Active biomonitoring refers to deliberate field exposure under standardised conditions; passive biomonitoring refers to in situ-sampling and/or observation of selected biological systems already present in the environment.

2.2

bioaccumulator

organism which accumulates substances present in the environment (air, water or soil) at the surface and/or internally

2.3

bioindicator

organism which can indicate environmental conditions and their modification by either showing specific (molecular, biochemical, cellular, physiological, anatomical or morphological) symptoms or by its presence/absence in the ecosystem

2.4

lichen

ecologically obligate, self-supporting symbiotic association of a fungus (the mycobiont, generally an ascomycete) and one or more populations of green algae and/or cyanobacteria (the photobionts), which results in a stable vegetative structure (“thallus”) with a definite morphology

2.5

lichen community 
biocoenosis

assemblage of populations of lichens, whose composition and aspect is determined by the properties of the environment and by their relationship with other epiphytes, animals, etc.

2.6

lichen diversity

in this context, the species richness found on the bark of standard trees at a height ranging between 1 m and 1,5 m, above the base of the trunk at each main aspect
Note 1 to entry:
See Annex B.
2.7

epiphyte

plant or plant-like organism growing on another plant, dependant on mechanical support but not deriving nutrients from the plant upon which it grows
2.8

study area

geographical area considered by the study and described in detail in terms of extent, land use categories and elevation

2.9

study domain

geographical extent in which the target population is located
Note 1 to entry:
It may coincide with the study area or it may be more restricted.
2.10

sampling point

geographic location identified by a pair of geographic coordinates (Lat, Long), being the reference point for the Sampling Unit, selected on the basis of a given sampling design

2.11

sampling unit
SU

either a single tree or a cluster of trees (tree-based sampling) or a plot (geographical area of determined size, centred on a sampling point) where data are collected

2.12

probabilistic sampling

part of statistical practice concerned with the selection of individual observations intended to yield some knowledge about a population of concern, especially for the purposes of statistical inference

2.13

stratified random sampling

technique consisting of subdividing a heterogeneous population into sub-populations (strata), which are more homogeneous and mutually exclusive
Note 1 to entry:
Within each stratum the samples are consequently independent and randomly selected.
2.14

target population

lichen communities living on the bark of standard trees at a height ranging between 1 m and 1,5 m, starting from the base of the trunk at each main aspect
Note 1 to entry:
Standard trees should be defined in terms of species, bole circumference and inclination (see below) and should be located within the study area.
3 Principles

The procedure is widely applicable for the purposes of collecting lichen diversity data. The interpretation of the results, however, has to be adapted to the regional characteristics of the lichen flora and to the prevalent types of environmental stress. Different methods may be used to solve particular problems, or in particular areas.

For quality assurance purposes, investigations performed according to this European Standard require personnel or institutions to have the necessary level of expertise, in the fields of lichenology and probabilistic sampling design.  

4 Equipment

4.1 Field work preparation equipment

4.1.1
Maps. The choice of the map scale depends on the survey area dimension and on the intended use of the map. Different scale maps will be necessary, both small scale maps for the study areas (e.g. 1:250 000 scale map) and large scale maps (at least 1:25 000 scale maps but also 1:10 000 and 1:5 000 scale maps) that may be useful for the location of the SU in the field.

4.1.2
Geographic Information System (GIS) with land use strata based on the Corine Land Cover nomenclature. Other important sources of information may be the analysis of aerial photographs, of town and country planning maps, or ecological maps. The topography may also be used as an additional stratum in those regions presenting significant variation in topographical relief.

4.1.3
Identification of SU on the 1:25 000 (or more detailed if necessary) scale map. The limits of the SU, and of their possible replacements, will be drawn on the map in order to facilitate field work.

4.1.4
Algorithm for random sampling (scientific calculator or statistics software).

4.2 Field equipment

4.2.1
Chemical reagents for spot tests on lichen thalli. To produce characteristic colour changes. In particular, the most commonly used reagents are calcium hypochlorite (C) and potassium hydroxide (K).
4.2.2
Compass-clinometer. Essential to find the correct positioning of the observation grids on the trunk of the selected trees and also to measure bole inclination.

4.2.3
Identification keys. Keys may be useful to distinguish species in the field (see Bibliography).

4.2.4
Envelopes. Specimens to be transported to the lab for identification should be placed in separate, labelled envelopes. The use of paper envelopes is recommended to avoid the growth of mould on the lichen samples.

4.2.5
Global Positioning System (GPS) receiver.
4.2.6
Knife. This is important to remove lichen samples from the bark of selected trees.

4.2.7
Magnifying glass. It is essential to have a lens that magnifies by at least ×10 but a ×20 lens is also recommended for crustose lichens 

4.2.8
Maps. See 4.1.1.
4.2.9
Tape measure. At least a 20 m tape measure: useful for measuring tree circumference and the distance between trees.

4.2.10
Observation grid. 10 cm × 50 cm grid (Figure 1), subdivided into five 10 cm × 10 cm quadrats, to be applied to the trunk of sample trees. The grid has to be flexible enough to be easily placed on the bole but also sufficiently robust and resistant, so as to prevent changes in shape and in dimensions with use.
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Figure 1 — Observation grids attached at four aspects along the trunk (see 5.4.8)

4.2.11
Survey sheets. Sampling Unit survey sheet (see Annex A).

4.3 Laboratory equipment

4.3.1
Chemical reagents traditionally used in lichenology. Solutions of iodine (I), calcium hypochlorite (C), and potassium hydroxide (K), paraphenylendiamine (P). For solution preparation procedures refer to Purvis et al. (1992). Blotting paper to highlight the spot test reaction on lichen thalli. For the determination of several critical genera, such as Lecanora, Pertusaria, Parmotrema, Cladonia, Lepraria, some TLC analysis may be necessary and should be carried out according to the method suggested by Culberson (1972) and Culberson et al. (1981).

4.3.2
Identification keys (see Bibliography).

4.3.3
On-line lichen checklists (see Bibliography). They may be useful for nomenclature and ecological and distributional information of lichen species found in the field.

4.3.4
Optical microscope (required magnification: ×400 up to ×1 000). Used for high-power magnification of lichen structures such as asci and spores. An objective micrometer will also be necessary to measure spore dimensions. Polarized lenses are also recommended for the determination of several groups of species (e.g. Lecanora spp.).

4.3.5
Stereo microscope (minimum range ×10 to ×60). Used for low-power magnification of lichen samples.

4.3.6
Usual small laboratory equipment (tweezers, scalpel or razor blades, microscope slides and cover slips, immersion oil, pipettes).

5 Sampling
5.1 General
Sampling is the act or process of selecting a part (the sample) of something (the target population), with the intent of reflecting its quality, style and nature. Since there are many possible designs, and the most effective one depends on the nature of the population being investigated, there is no unique sampling design that can be recommended for all studies. Rather, the probabilistic nature of the sampling design shall always be maintained. The following guidelines are provided in order to drive the main steps in defining the sampling design for individual studies. A synthetic flow chart showing the main steps to be followed is provided in Annex F.

5.2 Sampling objective

The sampling objective is to obtain an estimate of the parameter of the response variable (e.g., mean species richness or mean Lichen Diversity Value; LDV) over the study domain with a given precision. The precision level should be expressed in terms of confidence intervals for the defined probability level. It is required that the sampling objective is defined for each study.

Example Obtain an estimate of the mean LDV for the study domain with a confidence interval ± 10 % of the mean value, at a probability (P) level of 95 %.
The computation of estimates and confidence intervals depends on the sampling design adopted. Therefore, each study shall define precision and probability levels, taking into account the requirements of the study framework and considering the available resources.

5.3 Study type considered

Lichen diversity assessment and monitoring is a typical observational, mensurative study. Studies can be classified with respect to their temporal coverage:

i. the study is a baseline.

ii. the study implies a series of subsequent measurements/repeated measurements in time over the study domain.

This European Standard includes guidelines focused on case i. When evaluation of change between subsequent measurements is of interest (case ii), in addition to the following guidelines, it is important to consider the implications related to the statistical analysis for detecting changes (see Elzinga et al., 2001).

5.4 Sampling design
5.4.1 General
Sampling design is a randomized scheme to select a subset S (the sample) of elements from the population (P). It allows identification of the set of possible samples which can be selected by the scheme with the corresponding probabilities of selection.

5.4.2 Prior to sampling

The sampling scheme should be decided on the basis of the characteristics of the study area and the aim of the study. Some preliminary steps should be taken before selecting the most appropriate sampling scheme.

· The distribution of potentially suitable trees (see below) over the study area should be as well known as possible, e.g. by using aerial imagery or analogous information source, or by means of a preliminary inspection of the study area.

· In the case of gradient studies quantitative information concerning the gradient should be considered and, if possible, a thematic map (e.g. prevailing point sources of pollution, or wind direction and intensity) should be produced.

· Any kind of restricted access, such as private estates and military areas should be preliminarily checked, in order to include or exclude those areas from the study area .

5.4.3 Standard tree species selection for a survey

Suitable tree species are those with sub-acidic, neutral or basic bark, excluding some conifers and other taxa with a high degree of bark exfoliation: a complete list of suitable species is provided in Annex C. Suitable taxa are arranged into groups, based on comparable characteristics of the bark (i.e. pH, texture, exfoliation, water retention).

When choosing tree species to be sampled in a given survey area, the following options (in preference order) should be considered (Figure 2): 

i. a single tree species within the whole study area;

ii. different tree species, within the same bark-type group;

iii. different tree species within different bark-type groups (excluding unsuitable taxa, e.g. some conifers, Platanus, see Annex C).

The two latter options require direct assessment of lichen diversity differences, by means of appropriate statistical analysis. It is suggested that the results obtained on different tree species within the same study domain should be compared.
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Four trees of species A, 1 tree of species B, 7 trees of species C and 4 trees of species D are included within the Sampling Unit:

5.34.3 i):
only 4 trees of the species A (Group I) are selected. Other possible trees are excluded because they belong to other species of the same bark group (species B), to other bark groups (species C) or to unsuitable species (species D).

5.4.3 ii):
4 trees of species A (Group I) and 1 tree of species B (Group I) are selected. Other possible trees are excluded because they belong to other groups (species C) or to unsuitable species (species D).

5.4.3 iii):
4 trees of species A (Group I), 1 tree of species B (Group I) and 2 trees of Species C (Group II) are selected. Trees of species D are excluded because they belong to other groups and/or to unsuitable species.

Figure 2 — Standard tree selection at plot level,
according to different strategies previously agreed for monitoring the survey area

5.4.4 Standard tree parameter

A standard tree is defined as follows:

i. it is a suitable species (see 5.4.3);

ii. it has a trunk circumference (at 130 cm from the ground level. See Figure 3 for details on how to measure) > 50 cm and < 250 cm;

iii. each exposition (N, E, S, W) has an inclination (at the centre of each grid) < 20°;

iv. the area of the trunk that is unsuitable for recording (damage, decortication, branching, knots and/or other epiphytes or climbing plants such as ivy, preventing growth of lichens) within each of the 4 grids when summed < 20 %.

Note that if the four grids cannot be adequately positioned on the trunk – meeting points iii. and iv. – some replacement procedures at tree level may be followed (see 5.4.8).

Stems that have clear separation below 100 cm above the ground should be considered separate trees.
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Key
a
height from the ground level to the lower edge of the grid (a = 1 m)

b
height to measure the circumference of the trunk (b = 1,3 m)

c
circumference of the trunk

d
inclination at the center of the grid

e
observation grid
Figure 3 — Measurement height from the ground level for positioning the lower edge of the grid (1 m) and location for measuring the circumference and the inclination of the trunk (1,3 m)

5.4.5 Sampling scheme
5.4.5.1 General
The sampling design will vary according to the distribution of the standard trees within the study domain. Different designs are suggested as examples (see also Figure 4), mainly on the basis of ecological homogeneity or heterogeneity of the study domain. In each study, ecological variables to assess homogeneity should be explicitly provided (e.g. altitude, land use, resident population density, vegetation), according to the aim of the study.
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	Case 5.4.5.2 a) for a homogeneous area. Standard trees abundantly and homogeneously distributed over the study domain.

Plot sampling: light plot has been randomly selected and defined (7 trees are included). Dark plot has been selected but a priori excluded because it does not contain any trees.

	a)
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	Case 5.4.5.3 a) for a heterogeneous area. Stratified random design with two strata: agricultural area (dark circles); forested area (light circles).

	b)


Figure 4 — Examples of different sampling regimes (see 5.4.5) (1 of 2)
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	Cases 5.4.5.2 b) and 5.4.5.3 b). Standard trees abundantly scattered in clusters over the study domain.

Cluster sampling. Trees A1 and B1 are included in clusters A and B, respectively, following the criterion of the threshold distance from the centroid of the cluster.

	c)
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	Cases 5.4.5.2 c) and 5.4.5.3 c). Standard trees scattered infrequently over the study domain. 

Tree-based sampling: trees 2A, 4A and 5A have been randomly selected from among the population of isolated trees of species A. Trees 1B-7B belong to an unsuitable species and are excluded from the tree population.

	d)


Figure 4 — Examples of different sampling regimes (see 5.4.5) (2 of2)
5.4.5.2 Sampling schemes in ecologically homogeneous areas
a) Standard trees abundantly and homogeneously distributed over the study domain
A simple random or systematic design is recommended. Plot sampling is recommended, with sample plots allocated according to a regular grid, with the starting point of the grid chosen at random. 

b)
Standard trees abundantly scattered in clusters over the study domain
Tree-based cluster sampling or two stage sampling are recommended. Firstly define a criterion to identify clusters (e.g. defining a threshold maximum distance between adjacent trees to be included within the same cluster and/or defining a threshold minimum distance for two clusters to be considered as separate sampling units), then identify and list all the clusters and obtain a random sample of them. If the average number of standard trees per cluster within the study domain is reasonable (≤10), perform measurements on all of them. Otherwise, proceed with a two stage sampling: obtain a random selection of trees within the cluster and perform measurements on all the trees selected. Sub-sampling of the SU introduces a further source of variability which may affect the quality of the data. It is important to take this into account when performing statistical analysis of the data.

c)
Standard trees infrequently scattered over the study domain

A simple tree-based random sampling is recommended. Obtain a list of the individual trees on the basis of the aerial photo and select the sample trees at random.

5.4.5.3 Sampling scheme in ecologically heterogeneous areas

a) 
Standard trees abundant and homogeneously distributed over the study domain
A stratified random design is recommended. Plot sampling is recommended. First, identify strata on the basis of the information available on the heterogeneous ecological variables (e.g. altitudinal maps, land use classification, forest type). Subsequently calculate the sampling density (see below); allocate sample plots on a random basis within the strata, and in proportion to the dimension of the strata.

b)
Standard trees abundant, scattered in clusters over the study domain
A stratified random design is recommended. Tree-based cluster sampling or two stage sampling are recommended. Firstly, define a criterion to identify clusters (e.g. defining a threshold maximum distance between adjacent trees to be included within the same cluster and/or defining a threshold minimum distance for two clusters to be considered as separate SUs), based on the information available on the heterogeneous ecological variables (e.g. altitudinal maps, land use classification), identify and list all the clusters and obtain a random sample of them. If the average number of standard trees per cluster within the study domain is reasonable (≤ 10), perform measurements on all of them. 

Otherwise, proceed with two stage sampling: obtain a random selection of trees within the cluster and perform measurements on all the trees selected. Sub-sampling of the sampling units introduces a further source of variability which may affect the quality of the data. It is important to take this into account when performing statistical analysis of the data.

c)
Standard trees infrequently scattered over the study domain
Use a tree-based stratified random design. Obtain a list of the individual trees per stratum on the basis of the aerial photo and select the sample trees at random.

5.4.6 Sampling unit

· Plot sampling: each plot represents a sampling unit. As selected plot size depends on tree density in the study domain, different sizes could be considered. In most cases, a circular sampling plot with a radius of 30 m is recommended. Each plot has to be allocated, centred on a sampling point. All the standard trees in the plot are measured.

· Tree-based sampling: each tree or cluster of trees represents a sampling unit.

5.4.7 Sampling density

The minimum number of plots to be selected should be calculated on the basis of available sample size equations for different designs (e.g., Elzinga et al., 2001). Usually, these formulae require preliminary information on data variability in a given study area, so that a pilot study and/or the revision of data from previous campaigns (or surveys carried out in comparable areas) are recommended before embarking on a formal investigation. Further inputs in terms of expected precision are also required. Practical examples are reported in Annex D.

5.4.8 Surveying lichens

The observation grid (4.2.10, Figure 1) is attached along the trunk so that its lower edge is always 1 m above the base of the trunk (see Figures 1 and 3). The grid shall be placed at four different aspects of the trunk (NSEW).

It is possible to relocate each monitoring grid by a maximum shift of 20° (firstly in a clockwise, then in counter clockwise direction), to avoid parts of the trunk which are not suitable (see 5.4.4) for sampling (e.g. wounds, knots). 

Even if a high lichen cover is present, a grid shall be shifted if the extent of the disturbances (namely damage, decortication, branches, knots and/or other epiphytes or climbing plants such as ivy, preventing growth of lichens) is higher than 20 % (however, lichens growing on bryophytes shall be included in the list of species).

At each aspect, all five quadrats of the grid are examined for lichen species. The occurrence of each species within each quadrat is recorded, and the frequency of each species in the grid is calculated (by summing up the quadrats in which the species are found, ranging from 0 to 5) and documented (see Annex A).

The list shall include all species. However, a few small crustose lichens are particularly difficult to identify and/or are easily overlooked. Where the identification of certain thalli is troublesome both in the field and/or in the laboratory, it is advisable to include them in the calculation of diversity as “Sp. nr. x”, having established that they are not damaged or poorly developed forms of species already occurring in the monitoring grid.

No lichens should be removed from within the observation grid as future surveys and/or Quality Control procedures may be planned. Where species identification requires laboratory investigation equivalent specimens should be removed from the trunk area outside of the quadrat. If this is not possible a small fragment should be removed from the specimen within the quadrat without causing harm to the thalli. 

5.4.9 Identification in laboratory of critical specimens

Critical specimens should be identified at the laboratory (collected as described in 5.4.8), according to the methods described in the published literature (see Bibliography, Identification keys), using the equipment reported in 4.3.

There may be instances where it may be desirable to retain reference specimens for some species (excluding endangered species) for storage. 

6 Lichen species frequencies

The basic results of the sampling of lichen diversity provide aggregated matrices of the species frequencies at several spatial levels of sampling: 

· matrix of species × aspect at each tree;

· matrix of species × trees;

· matrix of species × sampling units.

Based on this information different ecological and distributional features may be evident (see Annex B).

7 Recommendations for Quality Assurance and Quality Control

Quality Assurance (QA) and Quality Control (QC) procedures can be implemented to control errors and document the overall quality of the survey/monitoring campaign (see Ferretti & Erhardt, 2002; Cline & Burkman, 1989; Shampine,1993; EPA, 2002). These procedures form an integral part of the study design and results (see e.g. McCune et al. 1997; Brunialti et al. 2002; 2004; Giordani et al. 2009). Studies failing to report their QA procedures and Quality Control results (with particular reference to points i. and ii.) shall be regarded as incomplete.

QA and QC procedures should be described in an ad hoc document, termed Quality Assurance Plan (QAP) of the study. The QAP should report the minimum acceptable set of QA/QC procedures. The QAP should cover the following areas of concern:

i. Project management. A description of the organization and management of the study and its requirements. This document should include:

· identification of responsibilities. Responsible person(s) from the funding agency and/or of the organization that will carry out the study should be clearly identified, as well as their role and responsibilities in the project;

· description of the aim of the study, the problem being targeted and the final use of the information arising from the study;

· sampling objective of the study, defined according to 5.2 and taking into account the data quality objectives (see below);
· Data Quality Objectives (DQO), i.e., qualitative and quantitative statements that clarify the study’s technical and quality objectives. They may vary with the study of concern: they define the appropriate type of data, and specify tolerable levels of potential decision errors that will be used as the basis for establishing the quality and quantity of data needed to support decisions;

· Data Quality Indicators (DQI): the quantitative statistics and qualitative descriptors used to interpret the degree of acceptability or utility of data to the user. Two indicators can be considered: the Measurement Quality Objective, defined as the expected level of accuracy of the data; and the Data Quality Limits, defined as the minimum acceptable level of consistency between control data and surveyor data. Values for these two indicators should be established;

· needs in terms of training and expertise of the personnel involved and of any certification and licence required;

· permission to access private areas or areas with restricted access.

ii. Standard Operating Procedures (SOP) should be adopted. SOPs should be consistent with this European Standard and shall provide details related to any adaptation needed for the particular conditions of the study area. If necessary, SOPs should be annexed to the QAP as a separate document. SOPs should be signed off by the responsible person (see first bullet of item i and explicitly accepted by the personnel involved. SOPs should include:

· description of the sampling design adopted and its justification in relation to the study objectives;

· description of the method to be used to identify sample location on the maps and in the field;

· description of data collection methods in the field, including equipment and field forms;

· description of the chain of custody of the data (recording in the field, storage in electronic format, transmission to central database – if any);

· description of materials and consumables;

· description of software and hardware to be used in the different phases of the study.

iii. Data Quality Control (QC) activity. The set of activities aimed at ensuring compliance with DQO and DQIs should be described here. QC activity could include:

· identification of requirements for surveying personnel. The certification of the survey team could consider the observer error in each sampling phase (see Annex F); 

· selection of plots and trees in the field; 

· tree species identification; 

· positioning of the sampling grid on the bole; 

· taxonomic identification of lichen species;

· training procedures. Description of what training procedures can be adopted to make personnel familiar with the SOPs;

· calibration. Description of what exercises will be carried out to promote calibration among the personnel involved; 

· field checks. Each study could include field controls, carried out by an independent team, documenting the meeting of Data Quality Objectives (DQO). It is suggested that two phases be considered in the field checks: i) observation of surveying personnel while working; ii) independent measurements carried out in randomly selected plots;

· description of criteria and procedures to be adopted to accept, reject or qualify study information.
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Example of survey sheets

The following data should be recorded:

Sampling Unit survey sheet

· Date of Sampling Unit (SU) survey.

· SU code and sub-sample unit if expected (e.g. trees within a plot or a cluster of trees).

· Locality (region, municipality, etc.).

· Routes to reach the sampling unit. 

· Description of the SU.

· Photo of the SU.

· Topographic map of the SU.

· Altitude (min. – max.).

· Land use.

· Selected tree species. 

· Number of selected trees.

· Coordinates for each selected tree. 

Tree survey sheet
· Date of tree selection.

· Sampling Unit code.

· Tree code.

· Tree species. 

· Tree circumference.

· Tree coordinates. 

· Inclinations of the bole at the four aspects.

· Description of the location of the selected tree.

· Photo of the selected tree.

· Location of the selected tree on a topographic map.

· Optional: other variables potentially useful for interpreting the data (e.g. canopy coverage, height of the branches).

· Degrees and direction of grid(s) shifting (if necessary).

· Frequencies of lichen species on the examined trees (matrix of species for each tree).

	SU code

	Date:
	Operators:

	Tree code
	
	
	

	Tree species
	
	
	

	Tree circumference (cm)
	
	
	

	Grid aspect
	N
	E
	S
	W
	N
	E
	S
	W
	N
	E
	S
	W

	Disturbance coverage (%)
	
	
	
	
	
	
	
	
	
	
	
	

	Shift of the grid (°)
	
	
	
	
	
	
	
	
	
	
	
	

	Lichen species
	
	
	
	
	
	
	
	
	
	
	
	

	1. Xanthoria parietina
	
	
	
	
	
	
	
	
	
	
	
	

	2. Physcia adscendens
	
	
	
	
	
	
	
	
	
	
	
	

	3. Parmelina tiliacea
	
	
	
	
	
	
	
	
	
	
	
	

	4. ……..
	
	
	
	
	
	
	
	
	
	
	
	

	5. 
	
	
	
	
	
	
	
	
	
	
	
	

	6. 
	
	
	
	
	
	
	
	
	
	
	
	

	7. 
	
	
	
	
	
	
	
	
	
	
	
	

	8. 
	
	
	
	
	
	
	
	
	
	
	
	

	9. 
	
	
	
	
	
	
	
	
	
	
	
	

	10. 
	
	
	
	
	
	
	
	
	
	
	
	

	etc…
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Calculating lichen diversity metrics

B.1 General

Possible ways to interpret the data afterwards are reported as an example. The following examples are not exhaustive and other interpretative tools may be applied to basic data.

B.2 Lichen Diversity Value (LDV)

Among the possible results derivable from the basic species ×SUs matrix, the Lichen Diversity Value (LDV – Asta et al. 2002) is one of the most used in applicative biomonitoring surveys. The first step in calculating the LDV of a sampling unit (j) is to sum the frequencies of all lichen species found on each tree (t) within the unit.

Since substantial differences in lichen growth may be expected on different sides of the trunks, the frequencies have to be summed separately for each aspect.  

Thus, for each tree, there are four Sums of Frequencies (tree t: SFNt, SFEt, SFSt, SFWt).

Next, for each tree, the Lichen Diversity Value is calculated

LDVt = SFNt + SFEt + SFWt + SFSt
Where
SF
=
the Sum of frequencies of all lichen species found at one aspect of tree t;
N, E, S, W
=
North, East, South, West.
The Lichen Diversity Value of a sampling unit j (LDVj) is the arithmetic mean of the LDVt of all trees within the sampling unit.

LDVj = (SF1t + SF2t + SF3t + SF4t+ ….. + SFnt)/n

Where
SF
=
Sum of frequencies of all lichen species found at each tree (1t, 2t, etc.);
n
=
number of trees sampled in unit j.
Further parameters may be derived from the dataset of the species frequencies. They include e.g. morpho-functional guilds (e.g. macrolichens, nitrophilous vs. acidophilous species) that have been successfully used for detecting particular sources of atmospheric pollution (see VDI, 2005).

However, these alternative approaches require clear operational objectives, definitions that are not formally included nor described in this European Standard.

B.3 Diversity value of the indicators of eutrophication (e.g., LDVN sensu VDI, 2005)

It is calculated in the same way as LDV, but only considering those species (nitrophytes) associated with high eutrophication (e.g., nitrogen compounds and/or dust). As the national flora and the ecological requirements of the species themselves may vary considerably across Europe, proper lists of these species have to be provided at country or eco-regional level and they are not reported here.

Table B.1 — Example of calculation of LDV and LDVN

	Tree 1
	Nitrophyte
	N
	E
	S
	W
	Species abundance

	Species A
	No
	5
	5
	5
	5
	20

	Species B
	No
	4
	3
	1
	0
	8

	Species C
	No
	3
	2
	4
	0
	9

	Species D
	Yes
	5
	0
	2
	0
	7

	Species E
	Yes
	0
	0
	0
	3
	3

	Sum of frequencies 
	
	17
	10
	12
	8
	LDVt

47



	Sum of frequencies of nitrophytes
	
	5
	0
	2
	3
	LDVNt

10


	Tree 2
	Nitrophyte
	N
	E
	S
	W
	Species abundance

	Species A
	No
	0
	0
	0
	0
	0

	Species B
	No
	0
	0
	0
	3
	3

	Species C
	No
	2
	1
	5
	5
	13

	Species D
	Yes
	5
	5
	0
	0
	10

	Species E
	Yes
	5
	5
	5
	5
	20

	Sum of frequencies 
	
	12
	11
	10
	13
	LDVt

46



	Sum of frequencies of nitrophytes
	
	10
	10
	5
	5
	LDVNt

30
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Suitable tree species

Table C.1 lists suitable tree species for sampling of lichen diversity, separated into tree groups with similar bark physico-chemical properties. Indicatively, species belonging to the same group can be used interchangeably. Trees not included in Table C.1 will need to be classified according to their bark properties.  
Table C.1 — Suitable tree species
	Group I
	Group II
	Group III
	Group IV
	Group V
	To be tested
	Excluded

	Acer spp.
	Olea spp.
	Abies alba
	Alnus glutinosa
	Fagus spp.
	Robinia pseudoacacia
	Araucaria spp.

	Ceratonia siliqua
	Prunus spp.
	Larix decidua
	Betula pendula
	Carpinus spp.
	Ailanthus altissima
	Platanus spp.

	Fraxinus spp.
	Quercus spp.
	Microthermic Pinus spp.
	
	
	Celtis spp.
	Taxus baccata

	Juglans spp.
	Castanea sativa
	Picea abies
	
	
	Salix spp.
	Cycas spp.

	Pyrus communisa
	
	
	Ostrya carpinifolia
	"Palms"

	Tilia spp.a
	
	
	Cupressus sempervirens
	Mediterranean Pinus spp.

	Ulmus spp.
	Malus spp.
	
	
	
	Alnus cordata
	

	Populus spp.
	Ostrya carpinifolia
	
	
	
	Ginkgo biloba
	

	Ficus spp.
	Sorbus spp.
	
	
	
	Magnolia spp.
	

	
	
	
	
	
	Citrus spp.
	

	
	
	
	
	
	Crataegus spp.
	

	
	
	
	
	
	Pseudotsuga menziesii
	

	
	
	
	
	
	"other exotic cultivated plants"
	

	
	
	
	
	
	Any other species not explicitly reported in Table C.1
	

	a
According to VDI Guidelines indications (1995) Tilia spp. and Pyrus communis can be used in both groups because they hold a middle position with regard to their bark properties.
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Sampling density calculations

Example: for simple random sampling (after Elzinga et al., 2001)

In the case of normally distributed populations, the sampling density to obtain estimates of mean with simple random sampling can be calculated as follows:
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Where
n
is the number of sampling units;
s
is the normalized standard deviation of the response variable (e.g. LDV, LDVN or number of species) in a given survey area, according to existing or preliminary pilot study;
Zα
depends on P level (for α = 0,05; P = 95 %, Z = 1,96);
B
is the desired precision level of the response variable, in terms of half-width of confidence interval.
Subsequent corrections may be necessary (see Elzinga et al., 2001).

Annex E 
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Information needed at the end of the survey

Each study should present the following basic data in a table:

· project management,

· Standard Operating Procedures adopted,

· name of the operator(s),

· project manager(s),

· temporal framework of the survey,

· geographical name of the survey area,

· number and size of the sampling units,

· tree species surveyed,

· total number of trees surveyed,

· mean number of trees surveyed per sampling unit,

· list of considered response variables, if any,

· standard deviation of the response variable(s) in the sampling units,

· confidence limits of the response variable(s),

· precision of the estimates inter grids, intra-trees; inter-trees,

· Data Quality Control manager(s),

· Data Quality Control activity results.

Annex F 
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Main phases of application of this European Standard
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Figure F.1 — Main phases of application
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