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Definitions of key terms

Agri-environment-climate measures – agri-environmental programme included in 
the Rural Development Programme (RDP) for 2014–2020. It includes 7 packages 
and 28 variants.

Agri-environmental package – a component of the agri-environmental programme 
comprising a set of requirements that a farmer or manager is obliged to fulfil when 
they take on an agri-environmental obligation. A package can consist of variants.

Agri-environmental programme – a collective term for the agri-environmental pro-
gramme for 2004–2006, the agri-environmental programme for 2007–2013 and the 
agri-environment-climate measures for 2014–2020. It is one of financial aid instru-
ments of the European Union for agriculture that consists in the implementation 
of specific measures on farms aimed at achieving sustainable development and 
the preservation of biodiversity by reconstructing, maintaining and improving the 
state of valuable arable habitats and preserving biological diversity in rural areas, 
promoting sustainable farm management systems, the appropriate use of soil and 
protection of water, conservation of local endangered breeds of livestock and local 
varieties of crop plants, among other things. The agri-environmental programme 
consists of agri-environmental packages, whereas the packages can include a num-
ber of agri-environmental variants.

Agri-environmental programme for 2004–2006 – the agri-environmental pro-
gramme included in the Rural Development Programme (RDP) for 2004–2006.  
It included 7 packages and 40 variants.

Agri-environmental programme for 2007–2013 – the agri-environmental pro-
gramme included in the Rural Development Programme (RDP) for 2007–2013.  
It includes 9 packages and 49 variants.

Agri-environmental variant – a component of an agri-environmental package com-
prising a set of requirements that a farmer or manager is obliged to fulfil when they 
take on an agri-environmental obligation.

Agrocoenosis – a specific type of biocoenosis found on agricultural lands, usually 
characterised by significant simplification of species composition, in comparison  
to a natural biocoenosis, and limited possibilities of self-regulation.

Agroecosystem (agricultural ecosystem) – an ecological system such as, e.g.,  
arable field or meadow, subject to constant application of agrotechnical measures,  
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e.g., fertilisation, use of pesticides, irrigation, etc. It differs from natural ecosystems 
in that the main producers are crop plants and the main consumers are humans  
and livestock, whereas other consumers are limited or eliminated.

Arable land – land cultivated for crop production or areas available for crop produc-
tion but fallowed. Land no-till farmed for up to 4 years is also considered as arable 
land. Arable land constitutes approx. 45% of the area of Poland.

Arachnofauna – an assemblage of Arachnida species in a given geographic  
region, type of environment (biotope) or living in a particular geologic period.

Bern Convention (The Bern Convention on the Conservation of European Wildlife 
and Natural Habitats) – an international legislative act concerned mainly with com-
mon European conservation of vulnerable and endangered species and their natu-
ral habitats. It was signed in Bern (Switzerland) on 19 September 1979. The Bern 
Convention was ratified by Poland on 13 September 1995 and it came into force  
on 1 January 1996.

Biocoenosis – an assemblage of plant and animal populations and microorganisms 
sharing a given environment, which belong to different species that are interrelated 
by various ecological factors and trophic interactions.

Biological diversity (biodiversity) – diversification of all living organisms found  
on Earth in terrestrial, marine and freshwater ecosystems, and as part of ecological 
communities. It may refer to diversity within a species (genetic diversity), between 
species (species diversity) and to the diversity of ecosystems.

Biotope – the environment of a biocoenosis. Originally, this term was used to refer 
only to abiotic components of a habitat. At present, it is often understood as an 
inanimate habitat transformed by a biocoenosis. Biotope and its biocoenosis con-
stitute an ecosystem.

Birds Directive (Council Directive 2009/147/EC of 30 November 2009 on the con-
servation of wild birds) – a European Union legislative act whose main aim is the 
protection from extinction of the currently existing populations of birds occurring  
in the wild state in the European Union.

Briosociological relevé – a description of a selected patch of a habitat (a fragment 
of soil, rock, tree trunk, etc.) with moss. It contains at least a list of identified moss 
species and specifies their proportions. A briosociological relevé should also pro-
vide data on the type of soil, surface, location, date and shadow.
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Catch crop – a plant grown between two main crops for green fodder, hay, silage  
or to be ploughed under as green manure.

Conventional (meadow, field, crop, plot) – used without the implementation of the 
agri-environmental programme and organic farming.

Crop residue – an accumulation of dead organic matter on the surface of the soil. 

Ecological package – an agri-environmental package included in the agri-envi-
ronmental programme for 2007–2013 or agri-environment-climate measures for  
2014–2020 whose main aim is the protection of environmentally valuable habitats 
or rare species of birds.

Ecological succession – a directional and orderly process by which a biocoeno-
sis, biotope and an entire ecosystem undergo changes. These changes consist in  
a succession of ecosystems which differ in their structure and species composition.  
The succession begins with an initial phase followed by transition phases, until it 
reaches its final, the most steady phase suitable for specific habitat conditions,  
a so-called climax. The succession can be primary or secondary.

Ecotone – an ecosystem that constitutes a transition zone between at least two 
other ecosystems.

Epigeic species – a species living on the soil surface.

Eurytopic (eurybiontic) species – a species with a wide range of ecological pre- 
ferences (generalist), capable of withstanding significant changes of environmental 
conditions, e.g., temperature, humidity.

Expansive species – a species that spreads and expands its territorial range or takes 
over new habitats within its current range.

Fabaceae (legumes) – a family of plants capable of living in symbiosis with Rhizobia, 
which allows them to use atmospheric nitrogen and, as such, they contribute to 
enriching the soil with nitrogen. In a temperate climate, they are mainly herbaceous 
plants, e.g., clovers, peas, vetches, etc.

Fallow – a field excluded from agricultural use for a period of one or two years, 
which undergoes appropriate mechanical procedures (bare fallow), chemical proce-
dures (herbicide fallow) or is left uncultivated and is spontaneously overgrown with 
weeds and previously cultivated volunteer plants (green fallow).



14 15

Habitats Directive (Council Directive 92/43/EEC of 21 May 1992 on the conserva-
tion of natural habitats and of wild fauna and flora) – a European Union legislative 
act specifying the principles of the establishment and functioning of the Natura 
2000 network of areas and the rules of the conservation of natural habitats and 
plant and animal species in the European Union.

Habitat fragmentation – a process whereby the size of a habitat is reduced and it is 
divided into two or more fragments (patches), separated with other areas.

Imago (mature, adult insect) – the last stage of the ontogeny of insects during 
which they are capable of reproduction.

Invasive species – an expansive alien species that quickly spreads beyond its natural 
range in a way that is detrimental to the fauna and flora of a given ecosystem.

Lepidopterofauna – an assemblage of butterfly species in a given geographic  
region, type of environment (biotope) or living in a particular geologic period.

Monitoring of species and natural habitats – one of the components of the State 
Environmental Monitoring implemented since 2006 and commissioned by the Chief 
Inspector of Environmental Protection. One of its main objectives is the develop-
ment of the methodologies of monitoring natural habitats and plant and animal 
species listed in the annexes to the Habitats Directive. The aim of the conducted 
monitoring is providing information for the assessment of the state of the conserva-
tion of species and natural habitats on the level of biogeographical regions and on 
the level of the Natura 2000 special areas of conservation.

Monitoring of the environmental impacts of the agri-environmental programme – 
monitoring aimed at assessing the effectiveness of agri-environmental packages on 
the territory of Poland, focused in particular on the assessment of the response of 
habitats and species to the agricultural practices specified in the packages. The nece- 
ssity of its implementation follows from the requirements of the European Com-
mission which, pursuant to the Council Regulation No 1698/2005 of 20 September 
2005 (Regulation 2005), imposes on the member states an obligation to ensure an 
effective monitoring of the implementation of operational programmes aimed at 
the development of rural areas. The responsibility for the implementation of the 
programmes and the supervision thereof rests with the Minister of Agriculture and 
Rural Development and the units subordinate to the Minister. The monitoring of 
the environmental impacts of the agri-environmental programme was carried out 
in 2011–2015 by the Institute of Technology and Life Sciences in Falenty.
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Mulch – fragmented plant biomass applied to soil on a field or meadow.

Natura 2000 area – an area included in the European network of Natura 2000 pro-
tection areas. Its main function is conservation of specific types of natural habitats 
and plant and animal species, so-called Natura 2000 habitats and species, which 
on the European scale are considered as valuable and at risk of extinction. There 
are two types of areas: special areas of conservation (SAC) and special protection 
areas (SPA). In 2015, the Natura 2000 areas in Poland constituted approx. 20% of 
the country’s land area.

Natural habitat – a terrestrial or aquatic area, whether entirely natural or semi- 
-natural, distinguished by geographic, abiotic and biotic features. The concept of 
natural habitats has been introduced to the European Union in the Habitats Direc-
tive. A list of natural habitats of European importance, the so-called Natura 2000 
habitats, comprises Annex I to the Habitats Directive.

Natural sciences specialist (botanist or ornithologist) – a person authorised to pro-
duce documentation on natural habitats (botanist) or ornithological documentation 
(ornithologist), including environmental characteristics and requirements for the 
usage of meadows. Preparation of environmental documentation by an authorised 
specialist is a condition for granting an agri-environment payment to a farmer for 
the implementation of variants aimed at the protection of valuable natural habitats 
or nesting habitats of birds included in the agri-environmental programme as part 
of the Rural Development Programme (RDP) for 2007–2013 and 2014–2020.

Permanent grasslands – land used for the cultivation of grasses or other herba-
ceous plants that self-seed (self-seeders) or are cultivated (sown), on which there 
was no crop rotation for a period of five or more years.

Phytocoenosis – a plant community (patch of plants) that is a part of a given bio-
coenosis and whose species composition and structure are relatively uniform and 
distinguishable from the neighbouring plants.

Phytosociological table – a description of a selected patch of plants used to charac-
terise a plant community. It contains at least a list of the plant species found at that 
location and their ratios. A phytosociological table should also include a description 
of the phytocoenosis structure, habitat conditions and data on the size of the exam-
ined area, the location and time of the survey. It can also include other elements.

Pratotechnic procedures – agricultural procedures carried out on permanent grass-
lands.
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Refuge – an area important, in terms of the environment, for the conservation of 
biological diversity, where plants and animals find shelter, including rare and endan-
gered species.

Ruderal plant – a plant that grows in areas strongly transformed by man, especially 
in an urban environment, on roads and roadsides, near railways, on slag heaps and 
in industrial areas.

Rural Development Plan/Programme (RDP) – a programme spanning several 
years, developed by each Member State of the European Union. The following 
programmes have been implemented in Poland so far: RDP for 2004–2006, RDP 
for 2007–2013. RDP for 2014–2020 has been implemented since 2014. A dozen or  
so measures are being implemented as part of RDP for 2014–2020, such as the agri- 
-environment-climate measures.

Secondary succession – a succession whose starting point is an ecosystem trans-
formed by man. In Poland, this type of succession is usually observed on previously 
arable lands, especially on fields and set-aside meadows. Secondary succession 
leads to a reconstruction of a natural community characteristic of the local environ-
mental conditions.

Segetal plants (segetal weeds, field weeds) – a group of weeds growing on arable 
fields. Segetal plants form their own communities associated with specific habitats 
and a particular species of crop plants.

Set-aside land – previously arable land not affected by human intervention for 
many years, which is initially overgrown with herbaceous plants and then with spe-
cies of shrubs and trees.

Shannon–Wiener diversity index – a biological diversity index that calculates the 
probability of two individuals taken at random from a sample being of different 
species.

Soil seed bank – seeds stored in soil, capable of germination under optimum con-
ditions for a given species. The size of a seed bank depends on, e.g., the duration 
of the seed dormancy period and seed viability. Seeds of various species differ in 
respect to the duration of the period during which they are capable of germination 
– in many species it can be several dozen years.

State Environmental Monitoring – a system of measurements, assessments and 
outlooks for the state of the environment as well as a system of collecting, processing  
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and disseminating the results of the research and assessment of the components 
of the environment. The aim of the State Environmental Monitoring (SEM) is pro-
viding administrative bodies and society with systematic information on the qual-
ity of the components of the environment, on sustaining quality standards of the 
environment in accordance with the regulations and on the areas in contravention 
of these standards, as well as on the changes in the quality of the components of 
the environment and the causes of such changes, including cause and effect rela-
tionships between emissions and the state of the components of the environment.  
The monitoring of species and natural habitats is one of the elements of SEM.  
The Chief Inspector of Environmental Protection is the coordinator of SEM.

Stenotopic species – a highly specialised species with a narrow ecological tole- 
rance, found in a clearly defined (specific) habitat with minimal changes of environ-
mental conditions, e.g., temperature, humidity.

Synanthropic species – a species adapted to live in an environment strongly trans-
formed by man, associated with human dwellings or human activity.

Uncultivated landscape components (nature refuges) – uncultivated components 
of the agricultural landscape which are particularly valuable in terms of their natu-
ral values, e.g., natural water bodies, hollows with marsh plants, single old trees, 
clusters of trees and shrubs, baulks, mires, groups of springs, piles of fieldstones, 
etc.
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Introduction

The effectiveness of the protection of biological diversity in agricultural landscape 
depends primarily on the quality of tools used for this purpose. In order to evaluate 
the effectiveness of such tools, many countries implement long-term nature moni-
toring programmes, also in relation to biological diversity. The results of environ-
mental monitoring provide valuable knowledge about the state of the environment, 
making it possible to determine trends in the number of many species associated 
with a particular agricultural landscape, and also to improve research methods.  
This book is also intended to enhance the monitoring of biological diversity across 
agricultural landscapes. It is made up of three chapters.

Chapter 1 is an overview and comprises three sections. The first section is a detailed 
account of the “Monitoring of environmental effects of the agri-environmental pro-
gramme”, a nationwide project carried out since 2011, in Institute of Technology 
and Life Sciences whose objective is to evaluate the effectiveness of environmen-
tal packages implemented in Poland under the agri-environmental programme.  
The second important section is the description of the “Monitoring of species and 
natural habitats”, an element of the State Environmental Monitoring, carried out 
since 2006, whose objective is, i.a., to develop the methodologies of monitoring 
natural habitats and plant and animal species listed in the annexes to the Habitats 
Directive. Last but not least, the third section provides an overview of environmen-
tal monitoring programmes from selected European States.

Chapter 2 is a detailed description of the integrated monitoring of the environmen-
tal impacts of the agri-environmental programme and other agricultural practices, 
carried out between 2012 and 2016 as part of the project “Protection of species 
diversity of valuable natural habitats on agricultural lands on Natura 2000 areas 
in the Lublin Voivodeship” (KIK/25). That monitoring covered flora, environmental 
habitats, spiders, Orthoptera, diurnal butterflies, and birds.

Based on the experiences and outcomes of Project KIK/25, Chapter 3 offers recom-
mendations for the State monitoring of the environmental effects of the agri-envi-
ronmental programme, mainly in relation to the implementation of new practices, 
i.e., the monitoring of flora on arable land, the monitoring of selected invertebrate 
groups, and the integration of data derived from the monitoring of various taxo-
nomic ranks.
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This book is intended mainly for the institutions in charge of the planning and imple-
mentation of environmental monitoring, especially in rural areas. It can also serve 
as a source of valuable information for a broad range of stakeholders interested  
in the protection of biological diversity in the agricultural landscape.
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The decrease in the biological diversity of the ecosystems used in agriculture is  
a serious problem, both in Poland and in Europe (Andreasen et al. 1996; de Heer 
et al. 2005; Kuussaari et al. 2007; Wretenberg et al. 2007; Van Dyck et al. 2009).  
It is believed that one of the main reasons for the decrease in the number of various 
taxonomic ranks associated with the agricultural landscape is the intensification of 
production and the simplification of landscape structure (Chamberlain, Fuller 2000; 
Donald et al. 2001; Tscharntke et al. 2005; Báldi, Faragó 2007; Herzon et al. 2007). 
The implementation of tools designed to stop these adverse trends is now a major 
challenge. Their effectiveness is often controversial and a number of studies have 
shown that they fail to bring about the expected results in relation to the protec-
tion of biological diversity (Kleijn et al. 2001; Kleijn, Sutherland 2003; Konvicka et 
al. 2008; Breeuwer et al. 2009; Batary et al. 2015; Żmihorski et al. 2016). Therefore,  
the implementation of programmes designed to protect the biological diversity of 
the agricultural landscape requires a continuous evaluation of the effects of such 
measures. Monitoring should constitute their integral part in order to adjust the 
applied mechanisms to the needs of the protected species and habitats.

One of the tools used for the protection of the biological diversity in areas used for 
agricultural purposes is the agri-environmental programme, functioning as part of 
the EU Common Agricultural Policy. In Poland, the agri-environmental programme 
has been implemented since 2004 as part of the Rural Development Plan (and sub-
sequently the Rural Development Programme), and provides financial support for 
environmentally-friendly land cultivation methods. This instrument provides for the 
use of agricultural practices that contribute to the preservation of specific natural 
habitats or species. Based on the nature of such habitats or species, as well as for-
mal conditions, its requirements are divided into packages and variants adjusted 

1 Grassland environmental monitoring systems

Monitoring of the environmental impacts  
of the agri-environmental programme

Filip Jarzombkowski, Dorota Kotowska, Ewa Gutowska

1.1.  



22 23

to specific environmental components (Plan 2004; Regulations 2014; Regulations 
2016). Between 2011 and 2015 the agri-environmental programme was covered 
by an environmental monitoring system by the Institute of Technology and Life  
Sciences. The monitoring took place under Priority 2 Monitoring of the environ-
mental impacts of the agri-environmental programme within the Multi-Annual Pro-
gramme 2011–2015 “Standardisation and monitoring of environmental projects, 
agricultural techniques and infrastructural solutions for the safety and sustain-
able development of agriculture and rural areas”. From late 2016, the monitoring 
has been continued by the Institute as part of the Programme “Technological and  
environmental projects for the innovative, effective and low-emission manage-
ment of rural areas 2016–2020”, under the objective “Monitoring of environmental  
effects of selected Common Agricultural Policy tools implemented between 2014 
and 2020, with special focus on Agri-Environment-Climate Measures”. 

The purpose of this observation is to determine whether the implementation of 
Packages 4 and 5 of the agri-environmental programme 2007–2013 and Agri-Envi-
ronment-Climate Measures 2014–2020 affects the condition of natural habitats and 
nesting habitats of birds (c.f. Jarzombkowski et al. 2015). The monitoring is com-
plemented by soil surveys carried out on hydrogenic land, and landscape analyses. 
These measures cover the whole of Poland, and, depending on the study subject, 
monitored units correspond to selected agri-environmental plots, or, as is the case 
with landscape monitoring, larger areas that cover such plots.
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1.1.1.  Monitoring of habitats
Filip Jarzombkowski, Ewa Gutowska

Due to the fact that the monitoring of Agri-Environment-Climate Measures 2014– 
–2020 is at its early stage, this Section focuses on the monitoring carried out under 
the agri-environmental programme 2007–2013, which is still underway.

Habitat monitoring covers selected agri-environmental plots registered in all habi-
tat variants under Packages 4. “Protection of endangered bird species and natural 
habitats outside Natura 2000 areas” and 5. “Protection of endangered bird spe-
cies and natural habitats outside Natura 2000 areas” and the so-called bird variants 
(variants 4.1./5.1. “Protection of nesting habitats of birds”). 

Each variant has specific requirements concerning the use of land (agri-environ-
mental plots) under the agri-environmental programme, which vary depending on 
the needs of individual habitats. These differences are generally related to the ways 
in which agri-environmental plots are used (mowing, grazing, mowing and grazing), 
and to the frequency and dates of land use (Regulations 2008; Regulations 2013).

Each variant (except for the bird variant) has a list of corresponding natural habitats 
which meet its criteria:

Variant 4.2./5.2. Mosslands
▶ Transition mires and quaking bogs (7140).
▶ Calcareous fens with Cladium mariscus and species of the Caricion davallianae 

(7210).
▶ Alkaline fens (7230).

Variant 4.3./5.3. Sedges
▶ Magnocaricion sedges.
▶ Calcareous fens with Cladium mariscus and species of the Caricion davallianae 

(7210).

Variant 4.4./5.4. Molinia and Cnidion meadows
▶ Molinia meadows with fluctuating water levels (6410).
▶ Alluvial meadows of river valleys of the Cnidion dubii (6440).
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Variant 4.5./5.5. Thermophilous swards
▶ Xeric sand calcareous grasslands (6120).
▶ Xerothermic swards (6210).
▶  Mountain hay meadows (6520).

Variant 4.6./5.6. Semi-natural wet meadows
▶  Calthion palustris wet meadows.

Variant 4.7./5.7. Semi-natural fresh meadows
▶  Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis) (6510).
▶  Mountain hay meadows (6520).

Variant 4.8./5.8. Species-rich Nardus grasslands
▶  Species-rich Nardus grasslands, on siliceous substrates in mountain areas  

(and submountain areas, in Continental Europe) (6230).

Variant 4.9./5.9. Salt marshes
▶  Salicornia and other annuals colonising mud and sand (1310).
▶  Atlantic salt meadows (Glauco-Puccinellietalia maritimae) (1330).
▶  Inland salt meadows (1340).

Variant 4.10./5.10. Natural land
▶  Northern Atlantic wet heaths with Erica tetralix (4010).
▶  European dry heaths (4030).
▶  Inland dunes with open Corynephorus and Agrostis grasslands (2330).
▶  Depressions on peat substrates of the Rhynchosporion (7150).
▶  Active raised bogs (7110).
▶  Degraded raised bogs still capable of natural regeneration (7120).
▶  Transition mires and quaking bogs (7140).
▶  Alkaline fens (7230).

The purpose of this monitoring is to identify the impact of pratotechnic procedures 
required under habitat and bird variants of the agri-environmental programme 
on the condition of natural habitats. The agri-environmental programme is imple-
mented on a nationwide scale, hence monitoring also covers the whole country.  
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Monitoring is conducted every four years and it includes agri-environmental 
plots where the agri-environmental programme has been implemented for the 
first year. Every time, observation is carried out prior to pratotechnic procedures  
(c.f. Jarzombkowski et al. 2015).

Monitoring is preceded by the identification of agri-environmental plots where habi-
tat and bird variants are implemented. Such data is available in agri-environmental 
documents collected by the Ministry of Agriculture and Rural Development, and from 
the national Land Parcel Identification System (LPIS), modified and administered by 
the Agency for Restructuring and Modernisation of Agriculture (ARMA). At an early 
stage, the data is verified against their completeness, and information is collected 
about the year the obligation was taken on, the registered variant, including 
botanical and habitat description, and plot location. Documents with incomplete 
data, which make it impossible to locate the unit, are disregarded.

Units are randomly selected for monitoring purposes, but each of the nine habitat 
variants has to be represented by a similar number of agri-environmental plots. 
When the number of plots registered in any variant is lower in a given year, the 
missing units are randomly selected, on a proportional basis, from the variants rep-
resented in greater numbers. The plots implementing variants related to the pro-
tection of nesting habitats of birds are selected from the group of units covered by 
ornithological monitoring. In addition, the selected units are verified against the  
agri-environmental obligation, and those where the obligation was not assumed  
are eliminated. The next stage involves the establishment of vector layers to de-
scribe the boundaries of agri-environmental plots, and the preparation of ortopho-
tomaps with the units marked on them. The dates of field surveys are determined 
on the basis of the agri-environmental programme variant requirements, and, to  
a lesser extent, on the basis of climatic conditions in individual regions (differences 
in the dates of pratotechnic procedures), but monitoring is expected to be com-
pleted by the first mowing in a given year (Jarzombkowski et al. 2015) can be used.

Field surveys involve the verification whether the natural habitat registered in  
a given agri-environmental variant was categorised correctly (this does not apply 
to ornithological plots, where the correctness of registration is determined by the 
presence of selected bird species), assessment of its preservation status, existing 
impacts and conservation prospects, as well as the preparation of phytosociological 
and photographic documentation of the habitat. Observation starts with an initial 
assessment of the monitored unit and identification of local plant communities, 
and, subsequently, the identification of natural habitats, if any, to confirm eligibility 
for agri-environmental subsidies. In atypical situations (e.g., more than one habi-
tat eligible for agri-environmental programme variants, habitat identified in field 
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does not match the habitat declared in the agri-environmental documentation),  
the habitat eligibility criteria are followed (c.f. Jarzombkowski et al. 2015). At this 
stage, the surveyor fills in an observation sheet to record general information, such 
as physiographic description and characterisation of plants on the plot, and prepares 
a general photo documentation (plant diversity on the plot, landscape context).  
Phytosociological documentation is preceded by the identification of three overlap-
ping circle-shaped study plots with a radius of approx. 14.6 m each (total area of  
0.2 ha), which serve as patches of vegetation representative of the monitored  
habitat. It is impossible to identify study plots with the required radius, different-
shaped areas can be identified, but their total area must be 0.2 ha. Plots with an 
area of 0.1 ha constitute study plot as a whole. At the centre of each study plot, the 
surveyor samples a phytosociological relevé using Braun-Blanquet method (Braun- 
-Blanquet 1928), and in atypical areas – in phytosociologically representative sites. 
The sample stand is recorded using a PDA with GPS, which is also used for recording 
monitoring observations and creating vector layers (e.g., identifying any atypical 
study plots). At each sample stand, the surveyor prepares a photo documentation of 
the species composition and vegetation structure (side-view of the green growth).

The next stage in a field survey is the assessment of the habitat condition based on 
such parameters as “habitat structure and functioning” and “habitat preservation 
probability”, as well as a range of indicators selected individually for each natural 
habitat covered by the agri-environmental programme. The assessment follows the 
guidelines developed by the State Environmental Monitoring implemented by the 
Chief Inspectorate of Environmental Protection (c.f. Section 1.2.1), which ensures 
that the collected data is compatible for both monitoring systems, and facilitates 
comparative analyses of such data. Habitat condition is assessed only if the agri- 
-environmental plot is identified to contain an environmental habitat eligible for any 
habitat variant under the agri-environmental programme. Otherwise, only phytoso-
ciological and photo documentation is prepared, including a general description.

Assessments are made using three-point scale, where FV means favourable, U1 
means unfavourable-inadequate, and U2 means unfavourable-bad, and if there 
is insufficient data, the plot can be assessed as XX – unknown. Habitat condition 
is evaluated within the three previously identified study plots (fig. 1), which are 
considered to form one patch representative for the development of the surveyed 
habitat in the agri-environmental plot, corresponding to a transect in the State Envi-
ronmental Monitoring. Assessment results are recorded on the observation sheet, 
together with a brief description following relevant monitoring methodology guide-
lines (Jarzombkowski et al. 2015).
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Indicators are used to characterise the habitat and its environmental conditions, 
and make up the assessment of the “habitat structure and functioning” (tab. 1). 
Some of them apply only to certain habitats, e.g., “cover by key species” is assessed 
within heaths (4010, 4030), “uncovered peat” only within depressions on peat sub-
strates of the Rhynchosporion (7150), and “hydration level” and “drainage” within 
habitats developing on hydrogenic land. A significant part of the indicators applies 
to most natural habitats, but their value is different due to the specificity of each of 
them. Take, for instance, the “characteristic species” indicator, which requires the 
presence of seven or more characteristic species for “Alkaline fens” (7230), which 
are rich in species, to be assessed as favourable (FV); but only two or more such 
species for “Alluvial meadows of river valleys of the Cnidion dubii (6440), which are 
much poorer in species. A special indicator, established for the purposes of natural 
habitat monitoring under the agri-environmental programme, is “indicator spe-
cies”. Its assessment is based on the confirmation of the occurrence and proportion 
of species included in lists of indicator species corresponding to each habitat variant 
(c.f. Jarzombkowski et al. 2015; Documentation 2011; Documentation 2012; Docu-
mentation 2013; Documentation 2014). In addition, this indicator is used to confirm 
the classification of the habitat. The occurrence of a specific number of species 
from an indicator list (in addition to other requirements) is the basis for including 
the plot in the agri-environmental programme habitat variants (Regulations 2008). 

Fig. 1. Specialists in the study plot during the evaluation of 
indicators and parameters for habitat 6510 Lowland hay 
meadows (Alopecurus pratensis, Sanguisorba officinalis)

Fig. 1. Specialists in the study plot during the evaluation of indicators and parameters for habitat 6510 Lowland 
hay meadows (Alopecurus pratensis, Sanguisorba officinalis)
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Some indicators, e.g. related to the assessment of habitat area, damage or vege- 
tation layer density, require that percentage values be identified, while for the 
purposes of estimation of species incidence (e.g., “characteristic species”, “expan-
sive species of herbaceous plants”, and “presence of shrubs and tree saplings”  
indicators) surveyors use Tansley scale (Tansley 1946; c.f. Jarzombkowski et al. 2015).  
For each natural habitat there are cardinal indicators that describe the conditions or 
characteristics that are crucial for the development and preservation of plant com-
munities, which are more important for the assessment of the habitat than other 
indicators. Below you will find example variance in indicators for transition mires 
(tab. 1).
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Table 1. Example variance in indicators for the habitat “Transition mires and quaking bogs 
(7140)” – Variants 4.2./5.2., 4.10./5.10. (cardinal indicators are in bold); (Jarzombkowski et al. 
2015b)

Parameters  
and indicators

Favourable  
(FV)

Unfavourable-inadequate 
(U1)

Unfavourable-bad  
(U2)

Species 
characteristic

7 or more characteristic 
species or, for communities 
poor in species, 4–6 
characteristic species 
(incidence must be 
estimated for all species 
using Tansley scale)

4–6 characteristic species 
or, for communities 
poor in species, 2–3 
characteristic species 
(incidence must be 
estimated for all species 
using Tansley scale)

2–3 characteristic species 
or, for communities poor in 
species, 1–2 characteristic 
species (incidence must be 
estimated for all species 
using Tansley scale)

Dominant species Dominated by the species 
characteristic for the 
habitat, or there are no 
dominant species, but the 
species characteristic for the 
habitat are in majority, there 
are no expansive species 
among the dominant 
species (incidence must be 
estimated for all species 
using Tansley scale)

Dominated jointly by the 
species characteristic 
for the habitat and by 
other species; expansive 
species are found only 
in categories a or ld in 
Tansley scale (incidence 
must be estimated for 
all species using Tansley 
scale)

Dominated mainly by the 
species characteristic for 
the habitat (incidence must 
be estimated for all species 
using Tansley scale)

Expansive species 
of herbaceous 
plants

No expansive species,  
or expansive species found 
only in category o in Tansley 
scale (incidence must be 
estimated for all species 
using Tansley scale)

Expansive species are 
found only in categories 
lf, f, la or ld in Tansley 
scale (incidence must be 
estimated for all species 
using Tansley scale)

Expansive species are 
found in categories a, 
c or d in Tansley scale 
(incidence must be 
estimated for all species 
using Tansley scale)

Alien invasive 
species

No alien species, or alien 
species found only in 
category s or r in Tansley 
scale (incidence must be 
estimated for all species 
using Tansley scale)

Alien species found only 
in category o in Tansley 
scale (incidence must be 
estimated for all species 
using Tansley scale)

Alien species found in 
categories lf, f, la, a, c, 
ld or d in Tansley scale 
(incidence must be 
estimated for all species 
using Tansley scale)

Indicator species 
(only for the 
habitats which 
meet Variant 
4.2./5.2. criteria)

3 or more indicator species 
(List A) or 2 protected 
indicator species (List 
A) occurring at least in 
category o in Tansley 
scale (incidence must be 
estimated for all species 
using Tansley scale)

1–2 indicator species 
(List A) occurring at least 
in category o in Tansley 
scale (incidence must be 
estimated for all species 
using Tansley scale)

No indicator species  
(List A), or indicator species 
found in categories s or r 
in Tansley scale (incidence 
must be estimated for all 
species using Tansley scale)
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Damage to green 
growth

Damage to up to 5% of the 
study plots

Damage to 5–10% of the 
study plots

Damage to more than 10% 
of the study plots

Drainage None, or drainage and 
irrigation ditches occur on 
the plot or within 50 m 
from its boundaries, but 
are completely overgrown; 
there is no drainage and 
irrigation system in the area 
where the plot is located

Drainage and irrigation 
ditches occur on the plot 
or within 50 m from its 
boundaries and their 
depth is less than 0.5 m; 
in ditches whose depth is 
more than 0.5 m, there 
are operational penstocks 
or natural dams, or there 
are no drainage and 
irrigation ditches on the 
plot or within 50 m from 
its boundaries, but there 
is a drainage and irrigation 
system in the area where 
the plot is located

Drainage and irrigation 
ditches occur on the plot 
or within 50 m from its 
boundaries, the ditches 
are deeper than 0.5 m, or 
the plot is located next to a 
sewered river

Presence of shrubs 
and tree saplings

No tree or shrub species, or 
trees and shrubs found only 
in categories s or r in Tansley 
scale (tree and shrub 
specimens in the green 
growth must be taken into 
account, and incidence must 
be estimated for all species 
using Tansley scale)

Tree or shrub species are 
found in categories o, lf, la 
or ld in Tansley scale (tree 
and shrub specimens in 
the green growth must 
be taken into account, 
and incidence must be 
estimated for all species 
using Tansley scale)

Tree or shrub species are 
found in categories f, a, c 
or d in Tansley scale (tree 
and shrub specimens in 
the green growth must 
be taken into account, 
and incidence must be 
estimated for all species 
using Tansley scale)

Moss and 
Marchantiophyta 
cover and species 
structure

Total moss cover above 
50%, Sphagnopsida occupy 
more than 50% of the moss 
layer (incidence must be 
estimated for all species 
using Tansley scale)

Total moss cover between 
20 and 50%, or total moss 
cover above 50% but 
Sphagnopsida occupy less 
than 50% of the moss 
layer (incidence must be 
estimated for all species 
using Tansley scale)

Total moss cover below 
20% (incidence must be 
estimated for all species 
using Tansley scale)

Habitat area within 
study plots 

80–100% 50–79% less than 50%

Hydration level Water level above, equal to, 
or up to 10 cm below the 
mire surface (in practice, 
mire surface is always wet)

Water level 10–20 cm 
below the mire area

Water level more than 20 
cm below the mire surface

Parameters  
and indicators

Favourable  
(FV)

Unfavourable-inadequate 
(U1)

Unfavourable-bad  
(U2)

Table 1. cont.
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Habitat structure 
and functioning

All cardinal indicators are 
assessed as FV and other 
indicators as FV or U1

At least one cardinal 
indicator is assessed as U1, 
but no cardinal indicator is 
assessed as U2

One or more cardinal 
indicators are assessed 
as U2

Habitat 
preservation 
probability

Habitat preservation 
prospects are good or very 
good, no serious risk factors 
are expected to affect the 
habitat

The condition of the 
habitat could be improved, 
e.g., through active 
protection measures

The condition of the habitat 
cannot be improved, risk 
factors significantly affect 
the habitat

Overall
assessment

If the habitat is assessed as FV for both parameters, the overall assessment is also FV;  
if at least one parameter is assessed as U1, but none as U2, the overall assessment is U1; 
if one or more parameters is assessed as U2, the overall assessment is also U2.

Indicator assessments make up the assessment of the “characteristic structure and 
functioning of the habitat”, which, coupled with the “habitat preservation prob-
ability”, determines the ultimate assessment of the habitat, i.e., its “overall assess-
ment”. Habitat preservation probability is determined on the basis of surveyors’ 
expertise and the impacts observed during the habitat survey, including the impact 
of measures associated with the implementation of the habitat variant (e.g. mow-
ing, grazing), natural processes (biocenotic evolution, succession, erosion, flooding, 
etc.), changes caused, or accelerated, by human activity (e.g., transformation of 
natural ecosystems, pollution), and external influences (impacts from outside the 
habitat, which affect its condition, e.g., sewer work on a water course or drain-
age work within the meadow complex, where the surveyed habitat has developed). 
Any identified impacts are described using a list of impacts, risks and pressures (c.f. 
Jarzombkowski et al. 2015; Manual 2012), which classifies and attaches codes to 
individual factors that affect natural habitats. Each of the observed impacts is also 
assessed against its quality (positive or negative) and intensity using a three-point 
scale. At the final assessment stage, if habitat characteristics parameters proved  
difficult to assess according to monitoring methodology guidelines (e.g. special,  
local, conditions were identified for plant communities), expert assessment can be 
used. For instance, certain types of mires naturally contain sparsely distributed dwarf 
pine, with characteristic, umbrella-shaped treetops and small annual growth (fig. 2). 

Table 1. cont.

Parameters  
and indicators

Favourable  
(FV)

Unfavourable-inadequate 
(U1)

Unfavourable-bad  
(U2)
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According to methodology guidelines, the presence of trees suggests succession 
changes, often associated with disruptions in water conditions or inappropriate use 
or lack of use, and should cause the assessment of the habitat to be lower, but in 
special cases this rule can be ignored. During an expert evaluation, it is important 
to provide a detailed rationale for the assessment based on the other indicators 
and any observed impacts. The final assessment of the habitat is a result of partial 
assessments and it is determined by the lowest grade assigned to the parameters. 
For example, if one parameter was assessed as bad, the overall assessment should 
also be reduced to U2.

When a field survey is completed, the corresponding data is provided in the form of 
vector layers with the location of phytosociological relevés and atypical study plots, 
and using electronic forms filled in online via an application. Source materials are 
verified to check the data against completeness, compliance with the monitoring 
methodology, relevance; and are stored in the form of databases.

The materials obtained in the course of monitoring are used for a series of analyses 
concerning, e.g., the correctness of the classification of agri-environmental plots 
into specific variants, aspects of plot use, condition of individual natural habitats on 
plots and within habitat variants. Other analyses concern the location and number 
of plots and habitats in each variant, and the location and number of habitats in 

Fig. 2. Presence of dwarf pines in a transition mire warrants expert assessment
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geographical terms. Moreover, the vegetation that has developed in the surveyed 
plots is analysed and described in detail.

Each year, survey results, in the form of a preliminary report, are provided to the 
Ministry of Agriculture and Rural Development, the institution in charge of the  
coordination of the agri-environmental programme. Preliminary results of the  
monitoring of natural habitats under the agri-environmental programme are avail-
able in the form of annual reports (Jarzombkowski et al. 2012; Jarzombkowski et 
al. 2013; Jarzombkowski et al. 2015), which also include conclusions related to the 
functioning of the agri-environmental programme in terms of habitat variants.
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1.1.2.  Soil survey
Michał Osowiec, Hubert Piórkowski

Soil survey complements natural habitat monitoring on selected agri-environmen-
tal plots, where the following variants of RDP 2007–2013 are implemented: Moss-
lands (4.2./5.2.), Mud sedges (4.3./5.3.) and Semi-natural wet meadows (4.6./5.6.). 
In total, such complementary soil surveys are conducted on approx. 60% of plots 
covered by habitat monitoring as part of the above-mentioned variants.

The purpose of the observation of the soil layer on agri-environmental plots is to 
support the assessment of the natural environment through the analysis of soil pro-
files and identification of the current soil formation process, dominant surface for-
mation, selected physical parameters of soil formation and depth at which ground-
water resources lie. The survey focuses on hydrogenic soils is due to their special 
sensitivity to changes in abiotic, including water, conditions, which quickly affects 
the structure and species composition of plant communities.

Observations are made by teams of soil scientists according to a systematised, 
standard and reproducible procedure. Field measurements are carried out when 
botanists complete habitat surveys. On each selected agri-environmental plot,  
subject to habitat monitoring, surveyors choose a soil survey site, and the location 
of the site is delimited on one of the three study plots where detailed botanic tests 
were conducted. Since habitat monitoring areas are selected to ensure that agri-
-environmental plot samples are representative for the habitat, soil survey sites are 
selected randomly.

When the site is selected, it is subject to a survey. Since these plots are used for 
agricultural purposes, any interference with the soil substrate and plant community 
is limited. Soil pits are 30 wide, 30 cm long and up to 50 cm deep (fig. 3). At the  
bottom, surveyors drill a hole to a depth of 150 cm, or to the first groundwater  
level. Drilling material is put on a special board with a soil gauge (fig. 4), ensuring 
that the order of soil horizons is maintained, and then photographed and described 
according to a specific scheme and in line with the field form.

Soil profile description, whose purpose is to identify soil type, includes necessary 
characteristics. In order to ensure the similarity of all described profiles, a closed 
glossary of terms, as included in the field survey manual, is used. The first charac- 
teristic is soil horizon, identified with accuracy to 1 cm, based on a macroscopic 
analysis of the dominant soil formation and in line with the Polish Soil Classifica-
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tion (Classification 1989), e.g., organic soil  
(O horizon), surface soil (A horizon), eluvi-
ated soil (E horizon), subsoil (B horizon), 
muck soil (M horizon), etc. When the soil 
horizon is identified, its traits and properties 
are described to specify its colour, moisture 
content, granulometric group, structure, 
and composition. The description follows  
a fixed set of symbols corresponding to the 
above-mentioned classification.

Moisture, colour, granulometric group, and 
soil composition are associated with gley 
forms included in the profile description, 
since changes in colour resulting from ox-
idation-reduction caused by temporary or 
permanent oxygen shortage indicate vari-
ous soil formation processes, e.g., patchy 
gley is the first stage of top gley caused by 
storm water. The profile description also  
includes neoformations, i.e., soil aggregations and sediments of chemical origin 
(e.g. silica accumulations, gypsum precipitations) or biochemical origin (e.g. copro-
lites), undecayed plant residues (e.g. wood) or animal residues (e.g. mollusc shells).  
Their occurrence in soil formations at specific profile horizons indicates soil origin. 
The field test (reaction with HCl) is used to determine carbonate content (CaCO3).  
An important element of profile description is the depth of groundwater, whose 
presence or shortage determines current soil formation processes (e.g. gley, 
marshy), shows soil degradation risks (e.g. organic soil – moorshification) and makes 
it possible to identify taxonomic ranks. For hydrogenous soils, the description of soil 
horizons also includes the characterisation of formation (e.g. moss peat).

Fig. 3. A soil pit

Fig. 4. Soil profile presentation
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After a detailed description of the soil profile, soil samples are taken at three depths 
to measure their pH, and the survey is complemented by photographs to document 
the bore hole, soil pit, immediate environment, and local vegetation.

All the data collected during the field survey are stored in a standardised database, 
which is connected, via an unique identification code, to the database where habi-
tat monitoring results are stored. Field data and lab analyses are used to identify 
soil units on the surveyed agri-environmental plots, as defined in the Soil Science 
Society of Poland classification (Classification 1989), new Polish Soil Classification 
(Classification 2011), and international World Reference Base for Soil Resources 
(WRB) published in 1998 by the Food and Agriculture Organization of the United 
Nations (Kabała et al. 2016).

A soil survey in Mossland, Mud sedge, and Semi-natural wet meadow habitat vari-
ants helps identify general occurrence patterns for each variant on specific types of 
soil. Variants representing mosslands are associated with hydrogenic order, marshy 
suborder, mire (fen and transitional mire subtypes; fig. 5) and silt types (fig. 6) soils, 
and in the case of degraded mosslands with insufficient moisture levels – with post-
-bog, muck suborder soils (fig. 7). For mud sedge and extensively used wet meadow 
variants, except for marshy soils, the soil substratum were semi-hydrogenic soils 
in the form of chernozemic soils (fig. 8) and marshy soils (ground-gley – fig. 9 and 
stormwater-gley types) and alluvial soils (alluvial mud soils; fig. 10) and deluvial 
soils (fig. 11).

Other types of soils, including autogenic soils and lito-soils, have also been found on 
the monitored RDP 2007–2013 plots.
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Fig. 5. Fen peat soil

Fig. 6. Silt soil

Fig. 7. Silt-muck soil

Fig. 8. Chernozemic soil
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Fig. 10. Brown alluvial soil

Fig. 11. Deluvial soil

Fig. 9. Ground-gley soil
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1.1.3.  Avifauna monitoring
Dorota Kotowska

Birds associated with rural landscapes are particularly sensitive to unfavourable 
changes in agriculture (Donald et al. 2001). The presence of species whose occur-
rence depends on extensive farming methods and maintenance of traditional rural 
landscape is considered a major indicator of the condition of ecosystems used for 
agricultural purposes (Gregory et al. 2005). For this reason, nesting habitats of birds 
associated with permanent grasslands were covered by agri-environmental meas-
ures under the consecutive editions of the Rural Development Programme (RDP). 
In 2007–2013, the programme provided for two variants designed to improve the 
living conditions for endangered agricultural landscape bird species: 4.1 and 5.1 
Protection of nesting habitats of birds (Bird Variants). Those variants defined a set 
of agricultural practices designed to protect the habitats of ten priority species, 
i.e., dunlin (Calidris alpina), Montagu’s harrier (Circus pygargus), northern lapwing 
(Vanellus vanellus), corn crake (Crex crex), great snipe (Gallinago media), common 
redshank (Tringa totanus), common snipe (Gallinago gallinago), Eurasian curlew 
(Numenius arquata), black-tailed godwit (Limosa limosa ), and aquatic warbler  
(Acrocephalus paludicola) (Ministry of Agriculture and Rural Development 2014).

The effectiveness of bird variant implementation has been tested as part of moni-
toring efforts by the Institute of Technology and Life Sciences. Bird monitoring  
involved two methods: point- and area-based. Point-based tests were designed to 
provide data to compare the distribution dynamics and populations of individual 
bird species and groups across areas used in line with bird variant requirements 
(AEO plots) and outside such areas. Area-based monitoring, on the other hand,  
focused on obtaining detailed information about the use of land and landscape 
characteristics that affect the occurrence of priority species.

1.1.3.1.  Point-based avifauna monitoring
Dorota Kotowska, Michał Żmihorski

Avifauna monitoring was to verify how the implementation of the agri-environ-
mental programme in relation to bird protection variants (known as bird variants) 
influenced their species composition and population within the Polish agricultural 
landscape. For this purpose, a point-based bird monitoring programme was de-
signed (Żmihorski 2014a) and implemented in 2013–2015. The system was based 
on Before-After, Control-Impact (BACI) analyses. This approach ensured that the  
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structure of bird groups could be compared in qualitative and quantitative terms 
across areas used in line with agri-environmental programme bird variant require-
ments, or used independently of their implementation (Control vs. Impact), and at 
different points from the time the implementation of those variants commenced 
(Before vs. After). An important objective of monitoring efforts is to obtain repre-
sentative nationwide data to address the following questions:

▶ How the distribution and population of each species change on control plots, 
and how on the plots used in line with the agri-environmental programme bird 
variant requirements?

▶ Which species prefer, and which avoid, areas used in line with agri-environmen-
tal programme bird variant requirements (fig. 12)?

▶ What land use method is preferred by each bird species?

Monitoring is based on regular, point-based bird counts, where surveyors record 
the number of each species in a specific location (survey point) and at a specific 
time (Bibby et al. 1992; Gregory et al. 2004). This method is widely used in bird 
monitoring programmes and environmental studies (e.g. Teillard et al. 2014). Its 
major advantage is that reliable data can be collected without much field effort. 

Fig. 12. Black-tailed godwit is a bird species that is associated with extensive agricultural use, and which was the 
focus of agri-environmental programme Variant 4.1/5.1
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The method is not complex or time-consuming, thus reducing its cost and facilitat-
ing monitoring in multiple locations, and, consequently, improving the accuracy of 
the obtained results. With area-based monitoring, some specimens are observed 
along the area border, which can cause problems with data interpretation. When all 
observed specimens are counted, this problem is eliminated. Moreover, the point- 
-based method does not require that the surveyor move around the surveyed area, 
so birds are not scared away, and many birds do not notice the surveyor, or they 
ignore their presence. When observations are made in a single location, the impact 
of surveyors’ presence on bird count is limited (Gregory et al. 2004).

Point-based method provides information about the number of birds staying in  
a specific location within a short time interval. This value indicates how much space 
is occupied by birds. Data obtained using the point-based method can be used to 
compare how much space is used by birds on two types of areas: covered and not 
covered by agri-environmental programme bird variants, making it possible to draw 
conclusions about the impacts of those variants on avifauna. 

Surveys are carried out on the whole territory of Poland, and the selection of loca-
tions for survey purposes is based on random sampling, as a result of which the 
obtained data can be considered indicative of the nationwide situation. This sam-
pling takes place only once per survey cycle. It uses data on the location and area of 
land covered by bird variant payments (ornithological plots; AEO), as obtained from 
the Land Parcel Identification System (LPIS) reference database, administered by 
the Agency for Restructuring and Modernisation of Agriculture. Moreover, detailed 
information about specific ornithological plots can be obtained from environmental 
documents available from the Ministry of Agriculture and Rural Development. The 
sampling takes into account only the ornithological plots which have only started to 
be used in compliance with bird variant requirements. During the first stage, based 
on LPIS data, approximately 30 Districts are selected as part of spatially balanced 
random sampling, in which the probability of being selected corresponds to the 
total area of land covered by bird variant payments within the District. Next,  
approx. 10 ornithological plots are randomly selected within each selected District, 
and survey points are chosen on each plot. Exact borders of the selected plots, and 
the location of the survey point, are determined on the basis of the information 
included in environmental documents, and then recorded in vector form. More- 
over, approx. 10 points, located outside ornithological plots, but within strips of 
habitats similar to those existing on lands covered by bird variants (control plots),  
are selected in each District on the basis of orthophotomaps, fairly close to the pre-
viously sampled AEO plots. As a result of such preparatory work, about 600 points 
are selected for field work. 

Fig. 13. The common crane (Grus grus), whose nesting season 
starts early, was relatively often reported
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Each year, field surveys check the number and species composition of bird groups 
in selected survey points. In order to detect both the species whose nesting season 
starts early (resident and short-distance migrant birds; fig. 13) and long-distance 
migratory birds, each of the sampled survey points is visited twice during the nest-
ing season – between 10 April and 20 May, and between 21 May and 30 June. 
Counting takes place early in the morning, when the majority of birds are the most 
active in terms of vocalisation, i.e., an hour before sunrise until 10 a.m. during the 
first visit (before 20 May) or until 9 a.m. during the second visit (after 20 May). 
Surveys are carried out only in good weather conditions (no strong wind, rain or fog).

Each visit takes 10 minutes. Surveyors who visit survey points record all specimens of 
all bird species they either see or hear, except for those flying high (more than 50 m)  
above the ground and nestlings. Each observation is assigned to a specific category 
of distance from the surveyor (0–50 m, 51–100 m, >100 m), and recorded on the 
point-based count sheet (fig. 14). Any data concerning birds spotted in flight or on 
the ground/in vegetation are recorded separately. Additional observations also in-
clude data on observations made within 100 m of the survey point, but outside 
the 10-minute timeframe, as long as they concern the 10 priority species (i.e., corn 
crake (Crex crex), Montagu’s harrier (Circus pygargus), northern lapwing (Vanellus 
vanellus), common snipe (Gallinago gallinago), black-tailed godwit (Limosa limosa),  
common redshank (Tringa totanus), Eurasian curlew (Numenius arquata), great 

Fig. 13. The common crane (Grus grus), whose nesting season starts early, was relatively often reported
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snipe (Gallinago media), aquatic warbler (Acrocephalus paludicola), dunlin (Calidris 
alpina), or ruff (Philomachus pugnax)). Moreover, the proportions of major land use 
types (grassland, arable land, forests, water bodies and buildings) are determined 
within 100 metres of each survey point. Surveyors also estimate the proportion of 
grasslands, found within 100 metres of the point that has already been used dur-
ing the season and the size of the area where birds are clearly visible. The survey 
also records the presence of livestock (horses, cows) and mammal predators (fox, 
American mink, raccoon dog) within 100 metres of the point. 

All field observations are recorded by surveyors on the point-based count sheet  
(fig. 14), and later transferred to an electronic database in the form of an Excel 
spreadsheet. Both point-based count sheets and their electronic versions are sub-
mitted to the monitoring coordinator and are subject to further verification and 
statistical analyses.

 
Agri-environmental Programme Ornithological Monitoring Point-

Based Count Sheet 
 
1. Basic data  

Full name 
of the surveyor 

 
Inspection date 
day, month, year 

 

Started at 
kontroli 

 
Point coordinates 
E.g. 52.25412 14.12541 

 
Monitored 
point 
number  
Did you reach the point? 
Write “1”, if you did. “0”, if you 
didn’t.  

Did you take a photo? 
“1”, if you did, “0” if you didn’t. 

 
 

  2. Proportion of habitats (%) within 
100 m of the point 

Grasslands pastures, 
swards, mud sedges, 

meadows  

of which 
 

 
% 

has already been 
mowed/grazed this 
year 

Arable lands 
fields, fallow land 

 
    

Forests 
and patches of trees 

 

Development 
buildings, industrial 

facilities   Water bodies 
rivers, fens, lakes, 

inundations  

Visibility 
how much (%) of the 100 

m buffer zone is clearly 
visible from the point 

 
   

 

 
3. Point count results 10-minute-long observation  

No. Species 
English name 

0–50m from the point 51-100m from the point >100m from the point 

 
on the ground 
or 
in vegetation  

in flight but up 
to 50m from 
the ground 

 

on the ground 
or 
in vegetation  

in flight, but no 
higher than  
50m above the 
ground 

 

on the 
ground or 
in vegetation  

in flight but 
up to 50m 
from the 
ground 

 

1               
2               
3               
4               
…               
24               

 TOTAL        
 
4. Additional observations  
Presence of species within ~100 of the point, regardless of the point-
based count (before it started, after it was finished, during other visits, 
etc.). “1” if present, “0” if not present: 

corn crake  
Montagu's 

harrier  
northern 
lapwing  

common snipe  
black-tailed 

godwit 

 

common 
redshank  
Eurasian 

curlew  
great snipe  

ruff  
aquatic 
warbler  

dunlin 

 

 

 5. Other  

Livestock during counting (r=100m of the point)  
“1” if present, “0” if not present: 

 
Predators (fox, American mink, raccoon dog) seen immediately before, 
during, or right  
after counting (r=~l00m) “1” if present, “0” if not present:  
 

Note: 
1. All grey fields must be filled in!  

2. Counting can only take place in the morning – start before 10 a.m. in 
April and before 9 a.m. in May and June 

  
……………………………………………………………………………………………………. 

Signature of the surveyor 
 
 

 

 
Fig. 14. Point-Based Count Sheet used for Agri-environmental Programme Ornithological Monitoring
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The methodology used in point-based monitoring supplies indicative data concern-
ing the number of specimens per each species, as seen or heard in a given location 
(survey point) and at a given time (during the 10-minute-long survey). It does not 
make it possible to determine the actual number of breeding pairs and their dis-
tribution across the area, since the observation time is too short, and the borders 
of the count area are not clearly defined in space. Therefore, this method gener-
ates more general data than qualification (e.g. cartographic method, see Tomiałojć 
1980a; Tomiałojć 1980b). Accordingly, information about the number of specimens 
noticed during the survey should be considered as an indicator of the actual size of 
each species. The absolute number of birds occurring in the surveyed area remains 
unknown and is usually higher than the observed one (Johnson 1995). This and 
other indicative methods used in bird surveys (e.g. transect method, see Buckland 
et al. 1994) rely on assuming a positive correlation between the number reported 
during point-based surveys and the actual size of the monitored population occur-
ring in a given location.

Moreover, assuming that there is a positive correlation between the size of a species 
and appropriate environmental conditions that meet its needs, it can be expected 
that environmental conditions (abiotic and biotic elements of the ecosystem) in 
the places where many specimens of the species are observed, are more favour-
able than in the places where the species was not found. Consequently, the moni-
toring information about the number of specimens found in a given place and at  
a given time needs to be interpreted as indicative of the quality of the environment,  
assessed from the point of view of each species.

Monitoring data can be used for a number of analyses to evaluate the effects of 
the agri-environmental programme on bird groups and individual bird species.  
For instance, such analyses include the mapping of species variation and presence 
of each species in relation to environmental conditions and survey parameters (i.e., 
land use types in the vicinity of the point, point location, survey date, presence of 
livestock, etc.). Furthermore, monitoring data can be used to verify whether the 
distribution of species and the number of species groups in the consecutive moni-
toring years is different on ornithological and control plots. By using constrained 
and unconstrained ordination analyses, it is possible to sum up the diversification 
of the whole bird group and environmental preferences of all species. The similarity 
of bird groups on AEO and control plots over consecutive years is determined on 
the basis of Detrended Correspondence Analysis (DCA). Redundancy Analysis (RDA)  
is used for the purposes of illustrating ecological niches for all identified species 
along main gradients in land use. AEO and control plots are compared in terms of 
the degree of species migration between survey points (beta-diversity of the group) 
using rarefaction curve analysis.
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Survey results are presented in the form of annual reports, including information 
about the environmental preferences of selected species or groups of species con-
nected with Polish agricultural landscape, and about the dynamics of their distri-
bution and numbers on and outside AEO plots. In addition, the reports include 
conclusions concerning the effectiveness of the agri-environmental programme in 
relation to bird protection variants, and recommendations for the subsequent edi-
tions of the programme (Żmihorski 2014b; Kotowska, Żmihorski 2015a; Kotowska, 
Żmihorski 2015b).

1.1.3.2.  Avifauna monitoring with the use of a surface method
Marek Jobda, Paweł Szałański

The main objective of surface monitoring is the assessment of the efficiency of 
implementation of the agri-environmental programme in variants oriented at pro-
tection of priority species. This assessment is conducted based on analysis of data 
on the numbers of birds in study plots with different share of agri-environmental  
ornithological (AEO) plots. Results, apart from the assessment of effectiveness of 
the agri-environmental programme for 2007–2013 (Ministry of Agriculture and  
Rural Development 2014), also allow for the assessment of proper classification 
of plots for AEO, specification of guidelines concerning future changes in the pro-
visions of Agri-environment-climate measures (Ministry of Agriculture and Rural  
Development 2016) and continuation of avifauna monitoring. The collected data 
also allows for the assessment of the impact of implementation of the agri-environ-
mental programme on the entire assemblage of birds – data for 157 species of birds 
has been collected in total.

The proposed method allows for the collection of detailed data concerning the 
usage of meadows and landscape and habitat factors that impact meadow birds  
(Batáry et al. 2015; Sanderson et al. 2009). Parallel to surface studies, point-based 
studies are also conducted (Kotowska, Żmihorski 2015a; Kotowska, Żmihorski 
2015b), described in section 1.1.3.1.

Field studies within the scope of this monitoring are conducted on 103 areas, loca- 
ted nationwide (fig. 15).

The study plots are of identical size (9 ha) and have the shape of a square with  
a side length of 300 m. They are characterised by a dominant share of permanent 
grasslands, as in the course of random sampling from the grid of squares, the 
ones that contained too many other habitats other than meadows and pastures 
were rejected. Furthermore, they had to cover a diversified share of agri-environ-
mental ornithological (AEO) plots or at least share a border with an AEO (fig. 16).  
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The additional criterion was the location of study plot where also landscape and 
habitat monitoring are being conducted as a part of the same project. As a result,  
it is possible to integrate the different components of monitoring.

Field studies have been conducted since 2012. Five inspections of each square are 
conducted each spring. Three daytime inspections and two nighttime inspections 
are conducted (oriented at counting corn crake) on dates and at times resulting 
from the differences in phenology resulting from the geographic location of the 
plots (tab. 2). Intervals between the daytime inspections should be about 4 weeks 
and approximately 6 weeks long between the nighttime ones.

Due to the short time and period of conducting counts, as well as in most cases 
large distances between the study plots the performance of field studies requires 
the involvement of almost 30 people. The contractors must have the basic optical 
devices and equipment necessary for work in difficult terrains, usually waterlogged 
(waders) and the well-practised GPS receiver-handling skill.

Fig. 15. Distribution of ornithofauna monitoring study plots



46 47

Each of the surveyors is provided with instructions (Instruction on conducting bird 
counts, Instruction on describing habitats) and materials necessary to record data 
in the field: maps to record the results of bird watching (5 pcs.) and maps to de-
scribe the usage and the landscape characteristics of an area (3 pcs.). In addition, 
everyone receives a map and a vector layer with the borders of the area in order to 
locate them in the field.

Table 2. Dates and times of bird watching on the study plots

Location Daytime inspections Nighttime inspections

I II III I II

lowland  
squares

15 IV–30 IV
half an hour 
after sunrise 
until 1100

15 V‒30 V
half an hour 
after sunrise 
until 1000

15 VI‒2 VII  
half an hour 
after sunrise 
until 1000

15 V–30 V 
2130‒230

29 VI‒15 VII 
2130‒230

mountain 
squares

20 April – 5 May 
half an hour 
after sunrise 
until 1100

15 May – 30 May
half an hour after 
sunrise until 1000

15 June – 2 July 
half an hour 
after sunrise 
until 1000

15 V–30 V 
2130‒230

29 VI‒15 VII 
2130‒230

Fig. 17. Northern lapwing Vanellus vanellus is a species that is 
relatively easy to observe.

Fig. 16. Distribution of the share of AEO areas in the study plots
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Bird observations are recorded on the maps with the use of notation (abbrevia-
tions, signs and symbols) used in the cartographic method (Tomiałojć 1976). They 
are commonly used by the ornithologists when recording bird observations, e.g. in 
the Common Birds Survey (CBS) (Chylarecki, Jawińska 2007). Squares are inspected 
in a way allowing to locate all the birds in the most detailed manner that is possible 
(fig. 17). If the terrain conditions allow it, the square is divided into three strips 
with the width of 100 m and birds located in the zone of up to 50 m on both sides 
of the passage route are recorded in the course of movement through the centre 
of each one of them. The time of counting primarily depends on the structure of 
the area and the number of birds, and it often takes about an hour. The measure of 
abundance are pairs (territories) for nesting birds and specimens for feeding birds. 
The number of bird territories (breeding pairs) is specified by the contractors for 
each inspection based on the knowledge of the biology of species on the basis of 
the criteria of bird nesting adopted in the research on the Polish Ornithological 
Atlas (Sikora et al. 2007). Birds that are not directly related to the inspected square  
(e.g. flying over the area but not feeding on it) are not recorded. Particular attention 
is paid to recording the highest possible number of simultaneous identifications of 
males in order to avoid errors when estimating the number of occupied territories, 
similar as in the combined variant of the cartographic method (Tomiałojć 1980).  

Fig. 17. Northern lapwing Vanellus vanellus is a species that is relatively easy to observe
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Recorded on the maps with bird observations are also dates and times of observa-
tions, as well as information on weather conditions (cloudiness, visibility, precipita-
tion, wind), according to the scale adopted in the CBBM (Chylarecki, Jawińska 2007).

At the time of each daytime inspections, the structure of use of the particular area 
is marked on the habitat description map. At the time of the first inspection, the 
dominant nature of use of each plot in the ear preceding the study is specified.  
At the time of the following inspections, only changes introduced from the time 
of the previous inspection are recorded (“k” for mowing or “p” for grazing). Codes 
used by the surveyors to record usage are presented in the table below (tab. 3).

Table 3. Notation used by the surveyors to record usage

Code Plot usage method

p grazing

kp mowing and grazing

k mowing

x unused

? usage undetermined

Apart from the data concerning usage, at the time of the second daytime inspec-
tion, the surveyors also chart the other habitat elements significant to the pres-
ence of birds, with the use of signatures found in the map legend, such as: small 
water reservoirs (small ponds, peat pit ponds, flooded areas), bushes, trees and 
patches of trees, linear elements (ditches, roads, power supply lines, fences).  
At the time of each daytime inspection, flooded areas are also recorded on the maps, 
and in specified, constant three control points, soil humidity is measured and one 
photo of the surface is taken. A comment is also included if the dead biomass is not  
collected and the number and breed of livestock present at the time of counting are 
recorded. In the case of identifying other significant elements that are not provided 
for in the instruction, but can affect the birds, they are also marked on the map 
and the description is written on the other side of the sheet. Once the field study 
is completed, the monitoring contractors record the data from the field maps on 
the printed collective forms, and then enter them into electronic forms and send 
the entirety including the photo documentation to the monitoring coordinator.  
The coordinator is responsible for the verification of correctness of the way in which 
data is entered in order to eliminate the errors that may significantly influence the 
results of the research.
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The results of research entered by the contractors are collected in a database in 
form of an electronic file in the .xls format. The database contains data concerning 
the number of identified specimens and territories/breeding pairs of all the species 
of birds connected to the area, for each monitoring area, divided into particular 
inspections and years. As a result, it is possible to calculate the total number of spe-
cies and breeding pairs and the number of all the identified species and the number 
of specimens of birds for a given area. The database also contains information on 
the date, time and the length of particular inspections.

All the identifications of priority species divided by particular inspections, results 
of mapping for the type of usage on plots and habitat elements are vectorised 
into vector layers in the .shp file format, according to the 1992 system (fig. 18).  
Each layer has a cohesive description in the attribute table, in accordance with the 
developed dictionary.

Fig. 18. A sample map of a study plot after data vectorisation
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Owing to spatial analysis it is possible to obtain the following characteristics that can 
affect the variability in the group of birds for each area and each year of research:

▶ the surface area of permanent grasslands,
▶ the area covered by the agri-environmental programme – the bird variant (data 

made available by the Agency for Restructuring and Modernisation of Agricul-
ture),

▶ the area unused in the year preceding the study,
▶ the area used in the year preceding the study,
▶ the mowed area,
▶ the grazed area,
▶ the arable lands area,
▶ the inundated area,
▶ the number of trees and bushes,
▶ the length of ditches,
▶ the length of fences,
▶ the coordinates of the centre of study plot,
▶ altitude of the central points of the study squares.

Study squares are located in the area where landscape monitoring is conducted on 
much larger areas (144 ha) within the framework of the same project. As a result,  
it is possible to use data from this monitoring in data analyses (owing to the infor-
mation made available by the Institute of Technology and Life Sciences). Examples 
of data used to present the results of research for 2012–2015 are listed below:

▶  the area of meadows and pastures,
▶  the number of meadow and pasture patches, 
▶  the area of the forests, 
▶  the number of forest patches, 
▶  the area of water reservoirs, 
▶  the number of water reservoirs, 
▶  the area of arable lands, 
▶  the number arable land patches, 
▶  the area of wetlands, 
▶  the number of wetlands.
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The applied method can be included in the group of so-called “quick mapping” 
methods, which regardless of the fact that they do not allow for obtaining reliable 
quantitative data (Tomiałojć 2010), they are still frequently used for monitoring 
changes in relative abundance of particular species or assemblages of birds. Within 
the framework of the conducted avifauna monitoring it is assumed that there is 
a correlation between the size of the area of an AEO in a study square and the 
presence of priority species: the greater the share of an area covered by the agri-
-environmental programme, the more often they should be identified. In the case 
of birds, apart from the size of the area, the shape of their habitat may also be sig-
nificant (Sanderson et al. 2009), which is why the impact of the length of a border of 
an AEO plot on the presence of priority species is taken into account in the studies. 
Particular attention is also paid to the usage of meadows and pastures. Analyses are 
conducted for the number of specimens and territories of each of the priority spe-
cies individually, but also for the number of species and territories of all the priority 
species combined. This method also allows to determine the correlations described 
above for species of meadow and pasture birds other than the priority species.

Multi-factor analysis of variance conducted in three stages is used in order to verify 
statistical significance of the correlation. First of all, it is assessed whether there 
are statistically significant linear correlations and then the non-linear correlations. 
Generalised linear model (GLZ) is used in order to determine the strength of the 
identified correlations. The GLZ model allows to compare the strength of particular 
correlations within the model, but they cannot be compared with the correlations 
indicated for other models.

Due to the fact that a lot of scientific data indicates the geographic diversity in the 
occurrence and habitat preferences of birds (Kuczyński, Chylarecki 2012), it is also 
verified to what extent the location of study plots impacts the birds present on 
them. Both the location of the area on the east–west axis and the north–south axis, 
as well as the altitude are analysed. Moran’s statistics that belong to the so-called 
spatial analyses are used to assess the influence of geographic variables.

The method described above also allows to assess the correctness of designation of 
the AEO plots. In accordance with the methodology of preparation of ornithologi-
cal environmental documentation (Ministry of Agriculture and Rural Development 
2011), the condition for qualification of an AEO for the bird variant was observa-
tion of the birds of the priority species in the area or in the direct vicinity of the 
inventoried plot (up to 250 m from the border of the plot). Determined as a part of 
study was the presence of particular species for all the study plots (except for two, 
where there were no AEO), as well for those, where particular qualifying species 
have been proven in the experts’ reports. It is assumed that the more frequent the 
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identifications of a particular species of a bird are in a study square, the greater the 
probability of their occurrence in the AEO in the year in which the expert’s report 
is prepared. This method also allows to assess how often the birds of the qualifying 
species occur outside the study plots covering the AEO designated for a particular 
species.

Results of monitoring studies in which the methodology described in this elabora-
tion was used are presented in form of annual reports (Szwarc et al. 2012; Jobda 
et al. 2013; Jobda et al. 2014; Jobda et al. 2015a). Furthermore, they were reca-
pitulated in form of a summary report titled “Assessment of effectiveness of the 
agri-environmental programme in the context of conservation of nesting habitats of 
birds. Final report for 2012–2015” (Jobda et al. 2015b). The reports contain the reco- 
mmendations concerning the modification of the agri-environmental programme in 
the future, as well as concerning the future implementation of ornithofauna moni-
toring for the purpose of assessment of the efficiency of its implementation. 
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1.1.4.  Landscape monitoring

Marek Rycharski, Zuzanna Oświecimska-Piasko

The agri-environmental programme does not include a package of measures aimed 
directly at the conservation of the landscape values of rural areas, but the imple-
mentation of any of the existing packages to a larger or lesser degree bears influ-
ence on the maintenance of the landscape structure by means of maintenance of 
its selected elements (Krupa 2010). The binding requirement in all the packages is 
the maintenance of permanent grasslands (in the agri-environmental programme 
2007–2013 – grasslands specified in the plan of agri-environmental activity, in the 
agri-environment-climate measures 2014–2020 – all of them) and the uncultivated 
landscape components, forming natural wildlife refuges (Regulation 2008; Regula-
tion 2015). Although maintenance of lands in meadow or grazing usage stabilises 
the existing spatial layout, it does not guarantee the preservation of the desired 
structure of valuable plant associations. In this context, particular role in the pro-
tection of landscape variety and meadow-pasture ecosystems is played by Environ-
mental packages 4. and 5., requirements of which are adjusted to particular plant 
communities.

Landscape monitoring aims to: 

▶ document the condition and changes in the landscape of rural areas, taking into 
account the diversity and distribution of its elements,

▶ assess the efficiency of implementation of the agri-environmental programme, 
in particular the Environmental packages 4. and 5. in the protection of landscape 
diversity,

▶ increase the effectiveness of the agri-environmental programme within the 
scope of protection and development of the landscape.

The monitoring is implemented on the basis of cyclic identification of the cover and 
usage of the area within constant, standardised study plots located nationwide, 
where agri-environmental habitat (AEH) and/or agri-environmental ornithological 
(AEO) plots are located (Rycharski, Oświecimska-Piasko 2012). Data on the state of 
the landscape comes from the interpretation of the current orthophotomaps and 
field survey, and partly from the national Land Parcel Identification System (LPIS), 
managed by the Agency for Restructuring and Modernisation of Agriculture (ARMA). 
Apart from the basic types of agricultural areas, classification adopted  in monito- 
ring takes into account the lands excluded from use with secondary succession of 
vegetation and the diversity in the uncultivated agricultural landscape components, 
which can potentially be designated as natural refuges in the environmental docu-
mentations of the AEH and AEO plots and in the plans of agri-environmental activity.  
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When determining the classification, the possibility of identification of particular 
types of area on aerial photos and during a one-time visit in the field was taken into 
account. Based on the collected data on the cover and usage of the area, landscape 
indicators are calculated, commonly used to characterise the state and dynam-
ics of spatial units (McGarigal, Marks 1995; Proposal 2002; Roo-Zielińska, Solon,  
Degórski 2007). Results of analyses of comparative values of indicators from consec-
utive research cycles form a basis for assessment of the efficiency of implementa-
tion of the agri-environmental programme in the protection of landscape diversity. 

Landscape monitoring is conducted on constant, sample squares with a side length 
of 1.2 km and the area of 144 ha. It has been assumed that their minimum number 
at the national level should amount to no less than 300. 243 areas were included in 
the network in the years 2012–2015 (fig. 19). By assumption, each landscape moni-
toring square includes at least one agri-environmental plot selected at random for 
habitat monitoring and/or ornithofauna monitoring area. The borders of squares 
are marked with the use of 300 m of a net adopted for selection of the bird observa-
tion area (Szwarc et al. 2012).

Fig. 19. Distribution of the areas of landscape included in monitoring for 2012–2015 against the background  
of physicogeographical macroregions (Kondracki 2002)
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Landscape areas cover the typically agricultural areas with a varied share of AEH 
and AEO plots, characterised by relatively small share of built-up, urbanised and 
forest lands, located outside the national parks and nature reserves. Their loca-
tion takes into account the regional and typological diversity of landscape in Poland 
(Richling, Dąbrowski 1995; Kondracki 2002). The basic reference units adopted in 
the determination of their location are physicogeographical macroregions. The tar-
get number of squares in particular macroregions is determined proportionally to 
the area of agricultural lands they contain (CORINE Land Cover 2006).

The monitoring covered a vast majority of species of natural landscape distinguished 
in the country (Richling, Dąbrowski 1995), characterised by different environmental 
conditions for farming. By assumption, particular monitoring areas are hardly diver-
sified in terms of geomorphological conditions (Starkel 1980).

The classification developed for the purposes of monitoring covers 27 land types 
in 8 main classes (tab. 4). Some types are further divided by the land-use method,  
the type of cover of the area, the connection with the other landscape components 
or the origins. The “Agricultural lands” class takes into account the basic division 
into grasslands, arable lands and orchards, as well as the diversification of grass-
lands into:

▶ floodplain and marsh arable lands with marsh plant communities (referred to as 
the “Cultivated wetlands” in tab. 4), i.a. including Magnocaricion reed beds and 
Phragmition reed beds,

▶ arable lands with wet and fresh meadow plant communities as well as over-
seeded intensively cultivated meadows (“Meadows and pastures”).

Identified as subordinate in the last of the listed types are meadows, pastures and 
meadow and pasture lands.

The categories “Cultivated wetlands”, “Meadows and pastures” and “Arable lands” 
have their counterparts in the classes “Uncultivated arable lands” and “Previously 
arable wastelands”. The first of the mentioned classes covers arable lands which 
have not been cultivated for at minimum of 2 years, which can be both the aban-
doned arable lands and arable lands cultivated rarely, every 2–3 years. It includes 
i.a. wetlands with the participation of species indicating a longer period without 
cultivation and with a major amount of accumulated organic matter (dry shoots), 
meadows and pastures with the “first” signs of the initial stage of secondary suc-
cession of vegetation and set-aside lands on the areas of arable lands dominated by 
segetal or invasive species. The criterion adopted for determining types in the class 
“Previously arable wastelands” was the presence of trees and bushes exceeding the 
height of 0.5 m, indicating secondary succession of vegetation in the direction of 
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thicket and forest communities. Apart from the listed area categories, the discussed 
classes take into account the types of units that are not included in tab. 4, with non- 
-defined method of use in the past (meadow and pasture, arable or alternate).

Table 4. Land classification according to the kind of cover and method of use 
The list does not include the types introduced for mixed areas (e.g. “Meadows and pastures with patches 
of trees”) and areas with undefined method of use in the past (e.g. “Uncultivated meadows and pastures 
and set-aside lands”)

Class Main types

Agricultural lands •	 Cultivated wetlands
•	 Meadows and pastures
•	 Arable lands
•	 Orchards

Uncultivated agricultural lands •	 Uncultivated wetlands
•	 Uncultivated meadows and pastures
•	 Set-aside lands

Previously arable wastelands •	 Wetland wastelands with succession of trees and bushes
•	 Wastelands that used to be meadows and pastures with succession 

of trees and bushes
•	 Set-aside lands with succession of trees and bushes

Environmentally valuable 
wastelands, nature refuges

•	 “Natural” wetlands
•	 “Natural” non-wetland habitats
•	 Wastelands without vegetation

Patches of trees,  
afforestations and forests

•	 Patches of trees
•	 Afforestations of agricultural lands
•	 Forests

Surface water •	 Stagnant water
•	 Running water
•	 Outpourings of groundwater

Built-up, urbanised,  
transport areas

•	 Built-up and urbanised areas
•	 Transport areas

Various areas •	 Degraded and devastated areas
•	 Other areas

The uncultivated agricultural landscape components, including smaller units, which 
can potentially be designated as nature refuges in the environmental documenta-
tions of the AEH and AEO plots, as well as in the plans of agri-environmental activity, 
are identified in the following categories: “Environmentally valuable wastelands, 
nature refuges”, “Patches of trees” and “Surface waters”. The first of them covers  
forest-free, relatively natural wetlands (e.g. raised bogs and transition mires,  
riparian reeds), areas with communities of non-wetland habitats (swards, heaths) 
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and units without dense vegetation cover (sand, rock outcrops, rubbles or anthro-
pogenic in-field piles of stones and boulder deposits.

For patches of trees (designated from the height of 1 m), most numerous elements 
differentiating the landscape of agricultural lands and most often indicated as  
nature refuges by the environmental documentation contractors, their division  
according to their relation to other components of the area (e.g. patches of trees on 
the cultivated wetlands, meadows and pastures, in-field patches of trees, drainage 
and irrigation ditches) used in Poland was adopted (Zajączkowski 2005) and detailed 
for the purposes of monitoring. The addition of such type of information, indirectly 
indicating the conditions of development and the possible reasons for the removal 
of patches of trees, is aimed at an increased possibility of interpretation of the po- 
ssible changes in their share and distribution. In the case of major density of single 
trees, groups or bunches of trees on the meadows and pastures, mixed categories 
are used like “Meadows and pastures with patches of trees” (not included in tab. 4).

Water bodies distinguished on the basis of their origins include oxbow lakes, small 
ponds, natural streams and anthropogenic water bodies: ponds, peat pit ponds, 
drainage and irrigation ditches.

Categorisation of some types of areas takes into account the features and indica-
tions listed in Annex 6 to the Regulation of the Minister of Regional Development 
and Construction of 29 March 2001 on the register of land and buildings (Regulation 
2001).

The geodatabases prepared for the purposes of photointerpretation (storage for-
mat for vector and raster GIS data) contain the selected data from the LPIS resour- 
ces, i.a. the borders of plots (to a large extent corresponding to the ranges of the 
types of cover and usage of areas), information on the variants of the agri-environ-
mental programme implemented within their limits and the ranges of the so-called 
managed lands (e.g.: orchard, wooded land, forest, water, built-up agricultural 
land, urbanised area, transport area, other area unsuitable for agricultural activity).  
The use of the above-mentioned data significantly reduces the scope of photoint-
erpretation works.

Subjected to interpretation are true colour orthophotomaps (RGB) from the reso- 
urces of the LPIS obtained by processing aerial photos taken no earlier than  
3 years before the observation cycle. Area categories are interpreted in accordance 
with the adopted classification system and described with the use of letter and 
number codes.
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Depending on the size and shape, the isolated units are recorded in geodatabases 
as: polygons – non-linear units with the minimum area of 0.1 ha and the width/
length of more than 10 m, lines – linear units with the width of up to 10 m and the 
length of more than 20 m, points – non-linear units with the area of less than 0.1 ha. 
Agricultural lands, uncultivated agricultural lands, previously arable wastelands and 
forests are designated solely as polygons. The exception are small wetlands sub-
ject to secondary succession of vegetation, which can be qualified as local nature 
refuges. Units in the other main classes are indicated as polygons, points or lines.  
In addition, classification of point-based units of the “Patches of trees” type includes 
the division into single trees and groups of trees with the area of less than 0.02 ha 
and clusters of trees with the area of 0.02–0.1 ha (Zajączkowski 2005). Another 
unusual geometric class of stands of trees are strip units with the width of up to  
20 m and the length at least 5 times greater than their width (without the condition 
of the area > 0.1 ha).

Based on the cartographic materials attached to the environmental documenta-
tions, boundaries of the AEH and AEO plots are entered in the geodatabases, as 
well as the borders and the locations of of the uncultivated agricultural landscape 
components present in their area, recognised as nature refuges by the documen-
tation contractors. The units are described with the data on the type of the im-
plemented variant or the year of initiation of fulfilment of the agri-environmental 
obligations, and they are categorised in accordance with the adopted classification. 
Furthermore, components not used for agricultural purposes that are visible on 
the orthophotomap, but not included in the drafts contained in the documenta-
tion, are designated. Next, photointerpretation of units located outside the AEH 
and AEO plots is conducted. In reference to isolations from the source vector layers, 
its scope takes into account the verification and the possible correction of the bor-
ders based on the current orthophotomaps. The materials aiding in interpretation 
are: topographic maps (i.a. containing information on the use of the area in the 
past), orthophotomaps from other periods than the basic ones in the project, false 
colour orthophotomaps with a near-infrared channel (CIR) and the Hydrographic 
Map of Poland (HMoP). Units that cannot be unequivocally classified on the basis 
of an orthophotomap and the potential nature refuges within the limits of the AEH 
and AEO plots not included in the environmental documentations are indicated for 
a field survey.

The aim of field work is to verify and supplement the results of photointerpretation 
(fig. 20). Their scope to a large extent depends on the currency, quality and time of 
preparation of teledetection materials (in relation to the phenological season) and 
the landscape complexity of the monitored area. Field survey is conducted at the 
end of the season of agricultural field work, when most of the annually mowed or 
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grazed grasslands are showing clear signs of use (which minimises the possibilities 
of their erroneous inclusion in the category “Uncultivated meadows and pastures”). 
The following units are subject to verification: selected by the photointerpreters, 
located on the lines of the routes of march and in their vicinity (in the line of sight 
of the contractor) and other randomly selected units within the limits of the moni-
tored area. Units easy to categorise in the course of photointerpretation and not 
subject to major changes in the course of few years are not verified, as for example: 
forests, larger water reservoirs and streams, built-up or transport areas.

Data is recorded in the field: on 1:5 000 orthophotomap prints with marks from 
photointerpretation and the boundaries of the AEH and AEO plots, in the layer 
of field observation points in a GIS receiver and by means of taking photographs.  
Phytosociological criteria are applied in the classification of certain isolations.  
Units in the case of which there are difficulties with assigning a category based on 
one-time observation in the field are indicated for repeated verification at a later 
time in the same or the following year.

The field work contractors make corrections and additions in the vectorial data im-
mediately after the field work is conducted. Furthermore, based on own observa-
tions for particular squares, they prepare concise characteristics within the scope 
of cover and use of the area, the lie of the land, the hydrographic network, as well 

Fig. 20. Field work is aimed at the identification of cover type and the method of use of the land units
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as agricultural and non-agricultural threats to the landscape. The corrected geoda-
tabases are verified by the controllers and with the use of GIS tools for automatic 
data control prepared within the framework of the project.

With the use of GIS software, vectorial data on the cover and usage of the area 
can constitute a basis for calculation of many more or less complex landscape  
indicators. The first monitoring cycle was limited to the basic landscape composition  
indicators referring to the number, length and the area of units of particular classes, 
types and subtypes (Rycharski, Oświecimska-Piasko 2015). The target set of land-
scape indicators, optimal with regard to the fulfilment of the goals of monitoring, 
will be developed after the completion of the second research cycle.

Supplementing the lists of indicators, based on vectorial data and with the use of 
the adopted composition landscape, map of cover and use of the area are pre-
pared. These materials, containing the division into plots and the limits of the AEH 
and AEO plots apart from their main content, are among the basic materials for 
further analysis.

In reference to particular study plots, the information resource of monitoring is 
supplemented with data of the following type: location against the background 
of administrative division, physicogeographic regionalisation and the network of 
Natura 2000 and protected areas, the types of natural landscape, forms of the lie 
of the land, kinds of surface sediments, number and area of the plots, number of 
producers in environmental packages, number and area of AEH and AEO plots.  
The sources of data are: LPIS, Geoserwis (geoserwis.gdos.gov.pl) and the carto-
graphic materials on a national scale (Starkel 1980; Richling, Dąbrowski 1995;  
Kondracki 2002; Marks et al. 2006). The addition of this information as a resource 
allows to group the monitored squares according to different criteria and conduct 
analyses in reference to different types of spatial units, taking into account the  
natural conditions of diversification of the landscape, as well as those resulting  
from the division of ownership.

The above-mentioned types of data, lists of landscape indicators and maps of cover 
and the use of area are the elements of the monitoring area information sheets 
updated in the successive research cycles.

The resource of data gathered from the first monitoring cycle allows to conduct 
analyses aimed at the identification of the state and to a certain extent the changes 
occurring in the landscape of the agricultural areas in the regions of implementation 
of the environmental packages of the agri-environmental programme. The analyses 
can be conducted with different spatial approaches and at different level of detail.
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Spatial data on the distribution of agri-environmental plots against the background 
of natural conditions, division into plots and the current diversification in the cover 
and use of the area form a basis for drawing conclusions on the potential role of 
the agri-environmental programme in the conservation of environmentally valu-
able habitats and the landscape of agricultural areas. Results of analyses indicate 
the regions and types of landscape patterns in which the implementation of agri- 
-environmental measures plays or may potentially play a significant role in the spa-
tial limitation of processes presenting a threat to valuable habitats, unfavourable 
to landscape diversity, such as for example the exclusion of meadows and pastures 
from use, changing grasslands to arable lands or the “uncontrolled” introduction of 
afforestations.

Multi-aspect assessment of the effectiveness of implementation of the agri-envi-
ronmental programme measures in the protection of the landscape will be pos-
sible once the data are obtained from successive research cycles and the levels of 
selected landscape indicators regarded as key are compared. It will be important 
to take into account the general trends in changes of the structure of agricultural  
landscape in particular regions of the country arising from the non-monitoring data. 
The results of assessment and properly selected analyses will form a basis for rec-
ommendations aimed at increasing the effectiveness of the agri-environmental pro-
gramme, particularly the environmental packages, in the protection and develop- 
ment of landscape values of rural areas.
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Monitoring of species and natural habitats conducted within the framework of 
State Environmental Monitoring covers observation of species of plants and ani-
mals, as well as natural habitats that are significant from the point of view of the 
state, as well as the species and types of habitats of Community importance,  
located both within the Natura 2000 areas and outside of them. The obligation to 
conduct environmental monitoring arises from national legislations and the laws of 
the European Union, as well as the provisions of international conventions concer- 
ning the protection of the environment. The assumptions of monitoring and its 
scope take into account the European requirements in regard to the assessment of 
the state of conservation for habitats and species of Community importance (possi-
bility of assessment at the level of a biogeographical region), and they use a uniform 
monitoring scheme for different types of natural habitats and species, as well as  
a uniform method for collection of data and its recording. Within the framework of 
monitoring, information is collected on the state of population of species and natu-
ral habitats, as well as the kind, rate and direction of the changes observed for the 
changes. These observations are used, among other things, to estimate the state of 
conservation of resources of particular habitats and species and they form a basis 
for planning of the necessary conservation measures serving to prevent or limit the 
identified negative changes and pressures. The organisational structure of monito- 
ring is based on a coordinating institution, national coordinators managing the 
monitoring of particular species and the types of natural habitats, as well as specia- 
lists in the fields of species of plants and animals and types of natural habitats – field 
work contractors (local experts). Studies within the monitored units are repeated 
every five or six years. The results of monitoring have the form of reports on the 
state of population and habitats of species. Reports to the European Commission 
on the state of conservation of natural habitats and species of plants and animals 
at the level of a biographical region are submitted every six years, and the data con-
tained in the report is publicly accessible.

Monitoring of species and natural habitats within  
the framework of State Environmental Monitoring

Ewa Gutowska

1.2. 
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1.2.1.  Monitoring of habitats

Ewa Gutowska, Filip Jarzombkowski

The natural habitat monitoring network, similar as in the case of species of plants 
and animals (cf. sections 1.2.2 and 1.2.3), is created gradually. Depending on the 
needs and financial resources, further research sites are included, ensuring proper 
representation of a habitat in the region or the Natura 2000 areas, and in the case of 
rare habitats guaranteeing the inclusion all of its sites in monitoring. Studies within 
the framework of habitat monitoring are conducted within monitored sites. They 
are indicated in the habitat patches that are relatively clearly distinguished from 
the environment, as uniform as possible in terms of character and conservation 
status. The size of monitored sites depends on the specificity of a particular natural 
habitat and it may cover several m2 or ares, as in the case of small-area petrifying 
springs with tufa formation (Cratoneurion commutati) (7220), or depressions on 
peat substrates of the Rhynchosporion (7150) (fig. 21), or it can also cover hectares 
of areas, which is common in the case of forest and meadow communities, such as 
bog woodlands (91D0*), or lowland and mountain fresh meadows used extensively 
(6510) (Mróz 2010; Mróz 2012b). 

The distribution and number of monitored sites depend on geographical distribu-
tion of a natural habitat, its resources and the threat level (degradation, disappear-
ance). In the case of low resources of a habitat, often related to a high threat level, 
the monitoring guidelines assume the inclusion of all sites in the monitoring net-
work, whereas in the case of habitats with greater representation and nationwide 
occurrence the distribution of study units is based on selection according to the 
needs of monitoring. An example of a rare habitat, resources of which should be 
monitored in their entirety, can be the inland salt meadows, pastures and reed beds 
(1340*) that are significantly threatened with disappearance, dependent upon the 
presence of salty confined groundwater and salty springs and appearing on few 
sites with limited reach (Mróz 2010).

Selection of the locations of monitored sites is preceded by preliminary selection 
of Natura 2000 areas and other areas where a particular natural habitat is present. 
Literature data and current environmental data originating from different sources 
are helpful in this process (e.g. from other environmental monitoring, conserva-
tion plans, conservation measures plans, inventorying and environmental experts’ 
reports, studies and projects implemented by non-governmental organisations and 
academic institutions, etc.). An important moment for the selection of monitored 
sites is field verification of the selected areas, allowing to determine the diversity  
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of a habitat in the area (both in terms of the conservation status and its local 
variability), which affects the optimal distribution of the representative patches.  
3–4 monitored sites, on which detailed observations are conducted, are established 
on average on each of the study plots. Model sites (the so-called reference sites) 
are selected from the monitored sites, characterised by typically formed plant com-
munities, good conservation status and the lack of significant threats affecting the 
status of the habitat. 

Detailed studies are conducted within the transects established on each monitored 
site. In the case of most habitats, standard dimensions of a transect have been 
adopted with the length of 200 m and the width of 10 m. In the case of forest habi-
tats or the ones where assessment requires reference to a larger study plot, or ones 
where special conditions are present – these dimensions may vary, e.g. in the case 
of Galio-Carpinetum oak-hornbeam forests (9170), where the resources of coarse 
woody debris are estimated and the presence of biocenotic trees (microhabitats) 
is recorded, the width of a transect amounts to 20 m, and its length amounts to 
200 m, whereas in the case of an alder forest, where the presence of coarse woody 
debris is also assessed and the presence of microhabitats is also described, due to 

Fig. 21. Habitat 7150 Depressions on peat substrates of the Rhynchosporion – one of the habitats monitored  
as a part of State Environmental Monitoring
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the difficulties in movement in sticky soil the transect can be reduced to 100 m with 
a simultaneous increase in the width to 40 m. Another example can be the annual 
vegetation of drift lines (1210), often occurring in the form of accumulations cre- 
ated by organic remains overgrown by halo- and nitrophilous plants, where the com-
monly used transect has the length of 400 m and the width of 20 m, which allows 
for a better characterisation of the features of the habitat (Mróz 2015). In the case 
of small-area habitats, where it is not possible to establish a typical transect (due 
to the specificity of the habitat, also in the case of mosaic patches or patches with 
significant fragmentation), disjoint habitat patches are determined and their total 
area is recorded. Examples include Rupicolous calcareous or basophilic grasslands 
of the Alysso-Sedion albi (6110*), occurrence of which is limited to a single ledge 
or a complex of ledges, and the total area of the patches usually amounts to a few 
ares (Mróz 2010), as well as depressions on peat substrates of the Rhynchosporion 
(7150), which often form separate, ephemeric patches within mire complexes, and 
their area can be subject to significant natural fluctuations within the period of few 
years (Mróz 2012b). If it is not possible to establish a transect in a straight line, its 
deflection is allowed, however, it is important to maintain its proper area – a stand-
ard of 0.2 ha in non-forest communities and 0.4 ha in forest communities (excluding 
small-area habitats). Phytosociological documentation (phytosociological relevés) 
is prepared at three points of the transect, at its beginning, in the centre and at the 
end, and in unusual situations (lack of possibility of establishment of a belt tran-
sect) – in places representative for a habitat. In the case of Medio-European upland 
siliceous screes (8150), a phytosociological relevé can e.g. correspond to the entire 
habitat patch due to their small area. Phytosociological relevés are conducted with 
the use of the Braun-Blanquet method (1928), most often on the area of 25 m2 
(most of non-forest communities) and 100 m2 (in forest ecosystems), but it is also 
allowed to conduct a relevé with other dimensions, taking into account the charac-
teristics of the habitat, e.g. with the area of 2 m2 in the case of annual vegetation of 
drift lines (1210) or 9 m2 in the case of Salicornia and other annuals colonising mud 
and sand (1310). The exception are habitats where phytosociological relevés are 
not conducted due to the lack of diagnostic plant species (e.g. caves not open to the 
public – 8310) or when phytosociological documentation is prepared in a different 
form (e.g. coastal lagoons – 1150*, where phytosociological relevés are conducted 
only in the case of presence of reed beds in the habitat patches).

Data gathered in the course of field research is recorded in the natural habitat ob-
servation sheet, which is filled in both for the monitored sites (basis for assessment 
of a habitat on a national level within the distinguished biogeographical regions; 
tab. 5) and the Natura 2000 areas (separate sheet). These forms are structured in  
a similar way and they allow to collect data according to a single pattern. Apart from 
the general information, such as the dates of inspections, data of the environmental 
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expert, geographic coordinates, or a concise description of a unit, the observation 
sheet contains the characteristics and assessment of the status of the natural habi-
tat based on the indicators and parameters, list of the observed influences, phyto-
sociological relevé forms and other information (i.a. the observed environmental 
values, the implemented protective measures, methodological notes) (Mróz 2010; 
2012a; 2012b; 2015). Each monitored site is also where the photographic docu-
mentation is prepared for the habitat, for the locations where phytosociological 
relevés are conducted and for the designated transect (general view, structure of 
vegetation, rare species and other environmental values, threats, etc.). 

The assessment of the state of a natural habitat is conducted on the entire area 
of the transect based on a series of indicators selected individually for each of 
the natural habitats and the common parameters: “area of the habitat”, “specific 
structure and functions” and “prospects of preservation of the habitat”. The main 
assumptions and names specified by the European Commission have been adopted 
in the method of assessment, which allows to collect information compatible with 
data obtained at the level of biogeographical regions of particular states of the 
European Union.

The assessment of the “area of the habitat” parameter is determined by the 
change in the area of the habitat (stable status, increase or decrease in the area) 
in combination with its spatial structure (fragmentation of the habitat, degree of 
isolation of the patches).

The assessment of the “specific structure and functions” includes a series of 
indicators used to describe the characteristic properties of the habitat and its 
environmental conditions (a total of several dozen indicators have been adopted 
for monitored natural habitats). A part of them only apply to some habitats, for 
example “salty water supply” is assessed within halophile communities (e.g. 1310, 
1330, 1340), and “participation of steppe cherry” or “Common Cotoneaster in the 
layer of shrubs” or “height of the cherry shrubs” only applies to Subcontinental 
peri-Pannonic scrub (40A0). “Level of hydration” and “drainage” are in turn 
only assessed in the habitats on hydrogenic lands (Mróz 2010; 2012b; 2015).  
A significant part of the indicators applies to most natural habitats, but their 
value is different due to the specificity of each of them. One such example is the 
parameter “species characteristic”, where for a species-rich habitat “Species-rich 
Nardus grasslands, on siliceous substrates in mountain and submountain areas” 
(6230) specification of a favourable status (FV) of the indicator requires presence 
of more than six characteristic and distinguishing species, whereas for xerothermic 
swards (6210*) presence of at least three characteristic species is sufficient, and in 
the case of “Alluvial meadows of river valleys of the Cnidion dubii” (6440) that are 
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significantly poorer in terms of species favourable status is predetermined by the 
presence of two or more characteristic species, whereas one of them should grow 
in abundance (>25%) (Mróz 2010; Mróz 2012b). Some indicators, e.g. concerning 
the assessment of the area of a habitat, damage or density of vegetation layers 
requires defining percentage values, whereas in the estimation of frequency of 
incidence of species (e.g. the indicators “species characteristic”, “expansive species 
of herbaceous plants”, “presence of shrubs and tree saplings”), a list of identified 
species is provided, most often including the percentage of their cover. For each 
of the natural habitats, the so-called cardinal indicators describing properties or 
conditions that are essential for the development and conservation status of plant 
communities, the importance of which in the assessment of the habitat status 
is greater than in the case of the other indicators and implicitly determines the 
general assessment.

The assessment of the state of conservation of a natural habitat (both at the level of 
indicators and the level of parameters) is conducted on a three-point scale, where 
FV means favourable status, U1 – unfavourable inadequate and U2 – unfavourable 
bad, whereas in the case of insufficient data it can also be XX – unknown. 
Assessments are recorded in the observation sheet, including a short description 
prepared according to the guidelines of the methodology of monitoring.

The parameter “prospects of preservation of the habitat” is used for forecasting 
if the habitat can keep the favourable status in the existing conditions within 
10–15 years. It is determined based on expert knowledge, effectiveness of the 
implemented protective measures (if they were conducted) and the influences 
observed in the habitat, i.a. the impact of activities related to agriculture (e.g. 
mowing, grazing), occurrence of natural processes (biocenotic evolution, succession, 
erosion, inundation, etc.), changes caused or accelerated by human activities (e.g. 
transformation of natural ecosystems, pollution) and external influences (impacts 
occurring outside the habitat, but bearing influence on its status, e.g. canalisation 
of a watercourse and drainage in the complex of meadows, where the studied unit 
occurs), as well as many other (Mróz 2010; Mróz 2012a; Mróz 2012b; Mróz 2015; 
cf. Instruction 2012). The identified impacts (fig. 22) are determined with the use 
of a list of influences, threats and pressures, where particular factors determining 
the status of natural habitats have been classified and coded (Instruction 2012).  
For each of the observed influences, their impact is also specified (positive or 
negative), as well as their intensity, where H means high intensity, M – medium  
and L – low intensity. Until 2011 there were different designations for intensity 
(A, B, C) and impacts that were neutral for the habitat were also identified  
(cf. Instruction 2010).
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Table 5. Template of a field form used in monitoring of the sites of alluvial meadows of river 
valleys of the Cnidion dubii 6440 (Mróz 2012b)

Natural habitat on-site observation sheet

Natural habitat code and name 6440 Alluvial meadows of river valleys of the Cnidion dubii (6440-1 Violo-
Cnidietum dubii meadows) 

Habitat code according to Annex I to the Habitats Directive; name based on 
guidelines on the conservation of habitats (Herbich 2004), available online:  
http://natura2000.mos.gov.pl/natura2000/pl/poradnik.php)

Area code Completed by the Coordinating Institution

Area name Name of the monitored area – completed only for a Natura 2000 area

Site code Completed by the Coordinating Institution

Site name The name of the monitored site

Protected areas in which the site  
is located 

(nature reserves, national and landscape parks, environmental use area, 
documentation sites, etc.)

Geographic coordinates Enter the geographic coordinates of the beginning, the centre and the end of the 
transect

Altitude Minimum and maximum height

Description of the natural habitat on 
the site 

Concise information on the distribution, diversity, topography, the lie of the land 
and the main features of the soil. Information on the specificity of location of the 
patches in relation to the valley bottom denivelation. Data on the period, frequency 
and the length of surface inundations or the fluctuations of underground water. 
Information on the changes in the area or species composition, if such data is 
available.

Plant communities List all the communities characterising the natural habitat on this site

Area of habitat patches The total area of the habitat patch/patches on the site on which the transect is 
located (in hectares). Provide accuracy of the estimate, considering the quality 
of data. If possible, specify the directions of changes in the area of the habitat 
(decrease, dynamic equilibrium, increase), estimate the rate of changes (e.g. based 
on a series of aerial photos), list the causes of changes, and assess the level of 
fragmentation of the habitat.

Dimensions of the transect Standard: 10 × 200 m

By exception, if it results from punctual, non-continuous layout of the habitat,  
the transect can be replaced with a rectangular area with any dimensions  
(in such a case provide them) covering 20 ares (0.2 ha) 

Surveyor Full name of the local expert responsible for this site (according to the agreement)

Dates of observations Dates of all the observations (in accordance with the partial forms)

Date of completion Date of completion of the form by the expert 

Date of entry Date of entry in the database - completed by the coordinating institution

Date of approval Date of approval by an authorised person - completed by the coordinating 
institution
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State of conservation of the natural habitat on the site

Parameters and indicators Value of the indicator Assessment  
of the indicator

Area of the habitat FV/U1/U2

Specific 
structure  
and function 

Percentage of 
area occupied by 
the habitat on the 
transect

Percentage of area occupied by the habitat on the 
transect (in tens of percent)

FV/U1/U2/XX FV/U1/
U2

Spatial structure  
of habitat patches

Level of fragmentation of the habitat and the size of 
area of particular patches

FV/U1/U2/XX

Species  
characteristic

List of species characteristic and distinguishing 
(including the regionally distinguishing ones) for 
the Cnidion dubii assemblage or alliance (Polish and 
Latin name) in particular layers (c,d); for each species 
provide the approximate percentage of cover for the 
transect (in tens of percent)

FV/U1/U2/XX

Dominant species List of species dominant in the habitat (Polish and 
Latin name) in particular layers (c,d); for each species, 
provide the approximate percentage of cover for the 
transect (in tens of percent)

FV/U1/U2/XX

Valuable components 
of the flora

List of protected, rare and endangered species in 
the habitat (Polish and Latin name), for each species 
provide the approximate percentage of cover for the 
transect (in tens of percent)

FV/U1/U2/XX

Alien invasive  
species

List of species that are geographically alien for the 
habitat (Polish and Latin name), for each species 
provide the approximate percentage of cover for the 
transect (in tens of percent)

FV/U1/U2/XX

Expansive species  
of herbaceous plants

List of species (Polish and Latin name), for each species 
provide the approximate percentage of cover for the 
transect (in tens of percent).

It is important to note the expansive tall-herb species 
(e.g. Lysimachia vulgaris, Veronica longifolia), ruderal 
species (e.g. Tanacetum vulgare), grasses (i.a. Phalaris 
arundinacea, Calamagrostis epigejos, Alopecurus 
pratensis, Deschampsia caespitosa, Elymus repens), etc.

FV/U1/U2/XX

Expansion of shrubs 
and tree saplings

List of species (Polish and Latin name), for each species 
provide the approximate percentage of cover for the 
transect and the total cover (in tens of percent).

It is important to note the species of the Salix, Populus, 
Ulmus, Crataegus and other genera.

FV/U1/U2/XX

Preservation  
of typical  
local patches 

The area of patches formed typically in relation to 
transitory, non-typical, degenerated, with expansive 
species (in tens of percent). It is important to note 
the participation of species characteristic and 
distinguishing for the assemblage and alliance,  
as well as the species variation

FV/U1/U2/XX

Crop residue  
(dead organic matter)

Thickness in cm - average from 20 measurements taken 
in the habitat patch, as well as min. and max.,  
e.g. 0-5 cm, avg. 3.5 cm. Measurement taken with the 
use of a ruler or a woodworking tape measure after the 
green growth is cut with a knife 

FV/U1/U2/XX

Prospects of preservation The assessment should take into account 
the prospects of appropriate use for the 
habitat

FV/U1/
U2

General assessment FV/U1/U2

Area of the habitat with different conservation status on the site FV x% FV/U1/
U2

U1 x%

U2 x%

Table 5. cont.
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Phytosociological relevé I

Geographic coordinates of the centre, 
altitude 
Area of the relevé, inclination, exposition
Density of layers a, b, c, d
Height of layers a, b, c
Phytosociological unit

Species: alphabetical order, Braun-Blanqueta scale: +, 1, 2, 3, 4, 5; 
(provide quantity only)

Geographic coordinates:
N Degrees Minutes Seconds.00
E Degrees Minutes Seconds.00
E.g. 
N 51 22 59.97
E 19 23 01.66

Area of the relevé 5 × 5 m, alternatively in the case of smaller patches = area of 
the patch

Species: sensu lato., or even sp. is sufficient, depending on the possibility of 
taxonomic designation in the field, however, in the case of taxons of high 
environmental value, species characteristic, etc., subspecies or varieties should 
be provided.

Species of vascular plants are primarily listed, listing of bryophytes, lichens and 
hepatics is optional, unless these species are important for a given habitat, e.g. 
bryophytes on seepage spring areas, or the species of cup lichens in lichen-rich 
forests.

Important notice: it is not necessary to select a patch that is uniform in 
phytosociological terms! As we will be studying changes, they can also be 
transitive patches, distorted, etc. The relevé is conducted precisely at the 
beginning, in the centre and at the end of the transect. If the centre of the 
transect is where e.g. a path runs (this will be for example the case in dwarf 
mountain pines) than the relevé should be located in the nearest possible place 
on the left or right (make a note next to the coordinates – to the left or to the 
right from the transect) side from the point designating the transect

Phytosociological relevé II

Geographic coordinates of the centre, 
altitude 
Area of the relevé, inclination, exposition,
Density of layers a, b, c, d
Height of layers a, b, c
Phytosociological unit

Species: alphabetical order, as above

Phytosociological relevé III

Geographic coordinates of the centre, 
altitude 
Area of the relevé, inclination, exposition
Density of layers a, b, c, d
Height of layers a, b, c
Phytosociological unit

Species: alphabetical order, as above

List of the most important impacts on the habitat on the studied site (including usage). Use codes for influences in accordance 
with Appendix E to the Natura 2000 Standard Data Form. Indication of intensity of the particular influence (high influence - A, 
medium influence - B, low influence - C) and the impact (negative +, positive -, neutral 0) 

In the case of procedures important for the maintenance of grasslands (102 mowing, 120 fertilisation, 140 grazing) their 
description should be as detailed as possible (time of the first swath, frequency and consistence of mowing, mowing height,  
as well as the intensity of mowing, intensity of grazing, what animals and how long they have been grazing).

Table 5. cont.
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Current influences

Code Measure name Intensity Impact Summary description 

A/B/C +/0/‒

A/B/C +/0/‒

List of factors that may in the long term present a threat to a species and its habitat (future, foreseeable influences, such as 
e.g. the planned developments, changes in management and use, increasing urbanisation pressure. Coding and assessment of 
intensity of influences, as above. In the case of a lack of an appropriate code – verbal description only.

Threats (future foreseeable influences)

Code Name  Intensity Impact Summary description

A/B/C +/0/‒

A/B/C +/0/‒

Other information

Other environmental values Other observed species of animals and plants from the annexes to the Habitats and the 
Birds Directives: endangered species (the red lists) and other rare species (provide their 
abundance on the following scale: high, medium, low); other natural habitats present in 
a complex with the studied habitat, other unique values of the area.

Other observations Any information that can help in the interpretation of the results, e.g. weather 
anomalies. 

Area management List the institutions, organisations and legal entities responsible for management of 
the area (e.g. national park, forest inspectorate and forest district, Regional Water 
Management Board, etc.)

Existing plans and programmes 
for conservation/management/
use

Plans for conservation of parks and reserves, plans for forest management, 
environmental protection programmes in the State Forests, land restoration projects 
(e.g. LIFE, Ekofundusz). Any documents that may be significant to the preservation of 
the described natural habitat in this area

Implemented protective measures E.g. strict protection, mowing, raising of the water level, grazing, other land restoration 
measures

Methodological comments Any other comments related to the conducted works. These primarily include 
information significant for further planning of the monitoring (methodology of work; 
indicators that should be analysed as a part of monitoring, regionally optimal time of 
conducting studies, etc.).

Table 5. cont.
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The parameters “specific structure and functions”, “area of the habitat” and 
“prospects of preservation of the habitat” bear influence on the final assessment of 
the condition of the habitat, i.e. the “general assessment of the state of conservation 
of the habitat”. The final assessment of the habitat is a result of partial assessments 
and it is determined by the lowest grade assigned to the parameters. For example, 
if one of the parameters is assessed as U2, the general assessment should also be 
lowered to U2 (Mróz 2010; Mróz 2012b; Mróz 2015).

Data obtained within the framework of monitoring of plant species is collected in the 
form of reports, according to the assumptions developed by the Chief Inspectorate 
of Environmental Protection and the Institute of Nature Conservation of the Polish 
Academy of Sciences. The data is submitted by the contractors with the use of 
electronic forms completed via an online application or delivered to the coordinator 
in electronic form. The data is supervised by the coordinating institution, which also 
conducts substantive and technical verification of source materials (completeness of 
data, compliance with the provisions of the methodology of monitoring). Access to 
the central monitoring data collection system is controlled and limited. The results 
of monitoring of natural habitats in the form of reports containing information on 
the resources, location and the status of conservation of particular natural habitats 
are open for general use on the website of the Chief Inspectorate of Environmental 

Fig. 22. One-way drainage constitutes a threat to mire habitats
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Protection (http://siedliska.gios.gov.pl). The methodology of research for particular 
natural habitats (methodological guideline) is published in the form of publications 
that are also available in the electronic version on the website of the CIEP, and four 
volumes of the guideline have been prepared so far.

Materials collected in the course of monitoring are i.a. used to draw conclusions 
on the state of conservation of particular natural habitats in general, at the level 
of biogeographical regions, as well as locally. They allow to supplement the state 
of knowledge on particular natural habitats, their resources and geographical 
distribution, as well as to determine the trends and threats. Furthermore, these 
materials are useful for the analyses of the species composition of the vegetation, 
comparisons of flora between the sites nationwide, as well as for planning protective 
measures.
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1.2.2.  Monitoring of flora

Ewa Gutowska, Filip Jarzombkowski

Studies in the monitoring of plant species, similar as in the case of animal species 
and natural habitats (cf. sections 1.2.1 and 1.2.3), are conducted within the areas 
of monitored sites. They cover both the species of Community importance and the 
ones not included in Appendix II to the Habitats Directive, important for the national 
flora due to their scarcity and uniqueness. The monitoring network is successively 
increased with the next species of plants, sites of already monitored species (e.g. the 
newly discovered or extending representation in the region), as well as supplemented 
with sites assigned in exchange for the ones excluded from monitoring due to the 
extinction of a species. The size of the monitored sites depends upon the specificity 
of a habitat of a particular species and the population itself, which is the reason 
for its major diversity. In the case of species covering small areas (from several 
cm2), e.g. Killarney fern Trichomanes speciosum (1421) (a rare fern occupying 
rock clefts), a site will be limited to a rock cleft, and in the case of Dicranum viride 
(1381) the size of a unit will depend on the place of occurrence of a species and 
the dispersion of population. The green 
growths of this moss mostly grow on 
the tree trunks, but also on the rocks 
and soil, so depending on the occupied 
substratum the site of a species can 
cover a fragment of a forest, a single 
tree or patches of varied size. For many 
species the area of the monitored 
site can constitute a significant area 
due to the distribution of population 
within large-area habitats. Examples 
include Cladonia cup lichens of the 
Cladina subgenus (1378), for which 
the monitored site can be an entire 
forest division or an area uniform in 
terms of habitat, e.g. with the size of 
ca. 1 ha, and for the fen orchid Liparis 
loeselii (1903) – an orchid occurring in 
the area of alkaline mires (fig. 23) the 
monitored unit can be an entire mire or 
its fragment (from a dozen m2 up to 2–3 
ha) (Perzanowska 2010; Perzanowska 

Fig. 23. Liparis loeselii – one of the species 
covered by State Environmental Monitoring  
in the field of plant species
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2012a; Perzanowska 2012b). The distribution and number of monitored sites 
depend on geographical distribution of a particular species, its resources and the 
level of threat. In the case of rare species, known for few locations of occurrence 
and at risk of extinction, monitoring guidelines assume the inclusion of all the 
sites in the monitoring network. Examples such a species include Pulsatilla slavica 
(2094*) monitored on a single site, Pedicularis sudetica (2217*) only found in the 
Karkonosze Mountains or Caldesia parnassifolia (1832), the only site of which has 
for a certain time been considered to be extinct (Perzanowska 2010; Perzanowska 
2012a). The distribution of research sites for species with greater representation 
and nationwide reach is based on the selection of units according to the needs 
of monitoring, as in the case of moss related to fens, occurring nationwide – 
Hamatocaulis vernicosus (1393), the number and distribution of monitored sites 
for which should still be supplemented (Perzanowska 2012a). 

The principle of location of monitored sites of plant species is the same as in the 
case of natural habitats and animal species. Selection of the locations of monitored 
units is preceded by preliminary selection of Natura 2000 areas and other areas 
where a particular species is present, which occurs on the basis of expert knowledge 
and with the use of literature data and the most current environmental data 
from different sources (e.g. from other environmental monitoring, conservation 
plans, conservation measures plans, inventorying and environmental experts’ 
reports, studies and projects implemented by non-governmental organisations 
and academic institutions, etc.) Preliminary field verification allows to determine 
the diversity of a habitat of the species and population in the area, both in terms 
of the conservation status, its local variability and abundance, and as a result, 
optimal distribution of the studied sites. Selected from the monitored units are 
reference sites, characterised by good habitat conditions and the presence of  
a strong population of the species, which can serve as a reference in the assessment 
of the state of conservation of a species on other sites. Contrary to the studies 
of natural habitats, detailed study of plant species are conducted on a patch of  
a species habitat without establishing transects.

Phytosociological documentation is prepared in a representative place of a habitat 
patch, where the studied species is present, with the use of the Braun-Blanquet 
method (1928). Apart from phytosociological relevés of the plant community, 
bryosociological relevés are also prepared in the course of monitoring of some 
species of mosses, e.g. in the case of studying Dicranum viride (1381) (Perzanowska 
2012a). The area of phytosociological relevés depending on the nature and area 
of the species habitat can vary, whereas similarly as in the case of monitoring of 
natural habitats, relevés conducted most often have the area of 25 m2 in open 
communities (e.g. meadow habitats, swards, mires) and 100 m2 in forest ecosystems 
(other non-standard areas are also acceptable).
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Data gathered in the course of field research is recorded in the observation sheet, 
which is filled in both in reference to the sites, which allows for assessment on  
a national level in biogeographical regions; tab. 6), and in the particular Natura 2000 
areas (separate sheet). These forms are structured in a similar way and they allow  
to collect data according to a single pattern. Apart from the general information, 
such as the dates of inspections, data of the environmental expert, geographic  
coordinates, concise description of the habitat and species, the observation sheet 
contains the characteristics and assessment of the status of the population and the 
habitat based on the indicators and parameters, list of the observed influences, phy-
tosociological documentation forms and other information (i.a. the observed envi-
ronmental values, the implemented protective measures, methodological notes) 
(Perzanowska 2010; 2012a; 2012b). Photographic documentation is prepared on 
each monitoring site, presenting an image of the site (i.a. general view, structure 
of vegetation, monitored species, its threats) and the location of phytosociological 
relevés.

The assessment of the state of conservation of each of the monitored species of 
plants is conducted on the basis of a range of individually selected indicators, which 
are combined into the “population” and “habitat” parameters. Moreover, the pa-
rameter assessed separately on the entire monitored site is “species survival pros-
pects”. For the purposes of reporting to the European Commission at the national 
level (of biogeographical regions), the additionally specified parameter is “species 
range”. As in the monitoring of animal species and natural habitats, the main as-
sumptions and names specified by the European Commission have been adopted 
in the method of assessment, which allows to collect information compatible with 
data obtained in particular states of the European Union. 

The assessment of the “population of the species” parameter is determined by the 
indicators specifying the abundance and the structure of the population, as well  
as its health condition, whereas the set of indicators and their value are different 
for particular species. One such example is abundance, which e.g. for Ligularia  
sibirica (1758) means estimation of the number of shoots and the favourable sta-
tus (FV) is considered to be the presence of more than 100 shoots, for Coleanthus 
subtilis (1887) the number of clusters is provided in pieces and the FV assessment 
means the presence of more than 1000 plants (clusters)/m2, whereas in the moss 
of Buxbaumia viridis (1386) the sporophytes are numbered and the occurrence of 
more than five translates to the favourable status (Perzanowska 2012a).
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Table 6. Template of a field form used on the site of hairy agrimony Agrimonia pilosa (1939) 
(Perzanowska 2012a)

Species observation sheet for a site

Species code and name 1939 Agrimonia pilosa hairy agrimony

Natura 2000 area code and name Name of the monitored area

Other forms of area protection
in which the site is
included

Nature reserves, national and landscape parks, environmental use area,
documentation sites, etc.

Site name Name of the monitored site

Type of the site Reference//study

Description of the site Description allowing to identify the site in the field

Area of the site Area (in ha, a, m2)

Geographic coordinates Geographic coordinates of the site
N XX°XX’XX.X”; E XX°XX’XX.X”

Altitude Altitude of the site or the range of altitudes

Characteristic of the habitat
of the species on the site

•	 general nature of the area: e.g. meadow, warm sward, a fragment of a forest, 
thickets

•	 type of natural habitat (code of the natural habitat/plant community/plant 
assemblage)

•	 composition and age of the stand/stands (for forest habitats)
•	 habitats in the vicinity of the stand

Information on the species
on the site

Concise information on the occurrence of the species on the site, previous
studies and other significant facts. Results of monitoring from previous years

Surveyor Full name of the expert responsible for this site

Dates of observations Dates of all observations
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Conservation status of the species on the site

Parameter/Indicators Indicator value and comments Assessment

Population Number of clusters Number of clusters FV/U1/U2/XX FV/U1/U2/
XX

Stability of the 
population

Scope of change % FV/U1/U2/XX

Number of generative 
shoots

Number of generative shoots FV/U1/U2/XX

Stability of the number 
of generative shoots

Scope of change % FV/U1/U2/XX

Presence of seedlings Frequency of occurrence of seedlings (in pcs.) FV/U1/U2/XX

Health condition Identified diseases, parasites, damage, etc. FV/U1/U2/XX

Habitat Area of the potential 
habitat

Area (in ha, a) FV/U1/U2/XX FV/U1/U2/
XX

Area of the occupied 
habitat

Area (in a, m2) FV/U1/U2/XX

Stability of the area of
the occupied habitat

Scope of change % FV/U1/U2/XX

Fragmentation  
of the habitat

Assessment on a three-point scale (high, medium 
low or none)

FV/U1/U2/XX

Density of trees
and shrubs

Specify in % for the entire habitat patch Specify  
the species (Polish and Latin name)

FV/U1/U2/XX

Total shadowing Specify in % (or in % ranges) for the entire habitat 
patch

FV/U1/U2/XX

Expansive species Specify the species (Polish and Latin name) and the 
% of cover on the patch where the species occurs

FV/U1/U2/XX

Alien, invasive
species

Specify the species (Polish and Latin name) and the 
% of cover on the patch in total and for each species 
separately

FV/U1/U2/XX

Height of green growth Specify in cm as an average of a minimum of  
10 measurements on the patch on which the species 
occurs; specify also the minimum and maximum 
values

FV/U1/U2/XX

Crop residue  
(dead organic matter)

Specify in cm as an average of a minimum of  
10 measurements on the patch on which the species 
occurs; specify also the minimum and maximum 
values

FV/U1/U2/XX

Places for germination Specify in % the share of area of uncovered soil FV/U1/U2/XX

Prospects of preservation Prospects of the species remaining on the site in the
context of stability of population, availability of 
appropriate habitats, in the face of the existing  
and potential threats, and other information  
(e.g. own earlier data)

FV/U1/U2/XX

Implemented active protection 
measures and their effectiveness

List the visible signs of the implemented protective
measures, alternatively use knowledge gathered  
in the past (plans for conservation, etc.)

General assessment FV/U1/U2/XX

List of the most important influences on the species and its habitat on the studied site (including usage).  
Use codes for influences according to Appendix E to the Natura 2000 Standard Data Form.

Table 6. cont.
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Current influences

Code Measure name Intensity Impact Summary description

A/B/C +/0/‒

A/B/C +/0/‒

A/B/C +/0/‒

List of factors that in the longer term may present a threat to thespecies or its habitat (future, foreseeable influences, such 
as e.g. the planned developments, changes in management and use, increasing urbanisation pressure). Use codes for threats 
in accordance with Appendix E to the Natura 2000 Standard Data Form. In the case of a lack of an appropriate code – verbal 
description only in the table Other information in the field Other comments.

Threats (future foreseeable influences)

Code Name Intensity Impact Summary description

A/B/C +/0/‒

A/B/C +/0/‒

A/B/C +/0/‒

Other information

Other 
environmental 
values

Other observed species of animals and plants from the Annexes to the Habitats and Birds Directive:
endangered species (Red List) and other rare/protected species (including their abundance
in classes: high, medium, low); other unique values of the area.

Other 
observations

Any information that can help in the interpretation of the results, e.g. weather anomalies.

Methodological 
comments

Any other comments related to the conducted works. These primarily include information
significant for further planning of the monitoring (methodology of work; indicators that should be
analysed as a part of monitoring, regionally optimal time of conducting studies, etc.).

Table 6. cont.

The assessment of the “habitat of the species” parameter includes a range of indi-
cators used to describe the characteristic properties of the habitat of the studied 
plants and their environmental conditions. Some of the indicators only apply to 
certain species, for example “soil water reaction” and “water transmissivity”, are 
assessed for an aquatic fern – Marsilea quadrifolia (1428), and the “hydration level” 
is only assessed for the flora requiring significant hydration. A significant part of the 
indicators refers to the habitats of most species (e.g. “area of the potential habitat”, 
“density of trees and shrubs”, “level of shadowing of the habitat by tree and shrub 
vegetation” or “crop residue – dead organic matter”), but their value can differ due 
to the specificity of each of them. In many cases the descriptions of the properties  
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of the habitat are identical to the indicators used in the monitoring of natural habi-
tats (the parameter “specific structure and functions” – cf. section 1.2.1), i.a. in 
the case of mountain and lowland alkaline fens characterised by flush mires, sedge 
meadows and moss fields (7230) and the species occurring within them: Saxifraga 
hirculus (1528) (fig. 24), Liparis loeselii (1903) or Hamatocaulis vernicosus (1393) 
(fig. 25). Similar as in the case of monitoring of animal species and natural habitats 
(cf. sections 1.2.1 and 1.2.3), for each of the plant species the so-called cardinal  
indicators describing properties or conditions that are essential for the develop-
ment and conservation status of the habitat and the assessed population. Their im-
portance in the assessment of the state of conservation is greater than in the case 
of the other indicators. In certain cases description of some indicators requires the 
application of expert’s assessment. This for example applies to a situation in which 
a studied species occurs in a habitat that is natural to that species, but non-optimal 
(or at the borderline of range), and its status is favourable, but in accordance with 
the methodology guidelines the assessment of some indicators should be lowered. 
Each departure from the provisions of the methodology should be justified in detail, 
which allows to verify the approach to the assessment of the species in the future 
studies. 

Fig. 24. Saxifraga hirculus – one of the species covered by State Environmental Monitoring in the field of plant 
species



82 83

The system of assessment of the state of conservation of a species (both at the level 
of indicators and parameters) is identical to the method of assessment of natural 
habitats and animal species (cf. sections 1.2.1 and 1.2.3). Value is determined on 
a three-point scale, where FV means favourable status, U1 – unfavourable inad-
equate and U2 – unfavourable bad, whereas in the case of insufficient data it can 
also be XX – unknown. Assessments are recorded in the observation sheet, includ-
ing a short description prepared according to the guidelines of the methodology of 
monitoring (Perzanowska 2010; Perzanowska 2012a; Perzanowska 2012b). 

“Species survival prospects” are determined on the basis of expert knowledge,  
effectiveness of potential protective measures and the influences observed within 
the habitat and outside of it, but bearing influence on it. This parameter is used for 
forecasting if the habitat and the population of the species can keep the favour-
able status in the existing conditions within 10–15 years. The determined impacts 
are specified using a list of influences, threats and pressures, in which individual 
factors affecting the status of natural habitats are classified and codified (Manual 
2012). For each of the observed influences, their impact is also specified (positive or 
negative), as well as their intensity, where H means high intensity, M – medium and 
L – low intensity. Until 2011 there were different designations for intensity (A, B, C)  

Fig. 25. Hamatocaulis vernicosus – one of the species covered by State Environmental Monitoring in the field  
of plant species
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and impacts that were neutral for the habitat were also identified (cf. Instruction 
2010). The observed influences can apply both to the species itself (e.g. decrease 
in fertility/genetic diversity decline, lack of pollinating agents, parasitism) and its 
habitat (e.g. leaving or removal of dead wood, logging, pillaging of the sites of the 
plants, abandonment of farming or excessive use, as well as management of aqua- 
tic and riparian vegetation for the purposes of drainage), whereas they can also 
have external origins (pollution, drainage of neighbouring areas).

The assessments of the parameters “population of the species” and “habitat of the 
species” with the parameter “species survival prospects” bear influence on the final 
assessment of the condition of the species on the site, that is the “general assess-
ment of the state of conservation of the species”. The general assessment is a result 
of partial assessments and it is determined by the lowest grade assigned to the 
parameters. For example, if one of the parameters is assessed as U2, the general 
assessment should also be lowered to U2 (Perzanowska 2010; Perzanowska 2012a; 
Perzanowska 2012b).

Data obtained within the framework of monitoring of plant species is collected in 
the form of reports, according to the assumptions developed by the Chief Inspec-
torate of Environmental Protection and the Institute of Nature Conservation of the 
Polish Academy of Sciences. The procedures for submitting data by the contractors 
of monitoring, archiving and storage of information, as well as the management of 
data for monitoring of natural habitats, species of plants and animals are common. 
The results of monitoring of plants in the form of reports containing information on 
the resources, location and the status of conservation of particular species are open 
for general use on the website of the Chief Inspectorate of Environmental Protec-
tion (http://siedliska.gios.gov.pl). In the case of few sites of species at risk of extinc-
tion, in order to prevent the potential destruction of a habitat (treading, pillaging, 
obtaining plants for herbaria) the geographic coordinates and other information on 
the location of the species are not published. The methodology of research for par-
ticular species (methodological guideline) is published in the form of publications 
that are also available in the electronic version on the website of the CIEP, and three 
volumes of the guideline have been prepared so far.

Materials collected in the course of monitoring are i.a. used to draw conclusions 
on the state of conservation of particular species in general, at the level of biogeo-
graphical regions, as well as locally. They allow to supplement the state of knowl-
edge on particular sites of species, their resources and geographical distribution, 
as well as to determine the trends and threats. Furthermore, these materials are 
useful for analyses of the species composition of plant communities in which the 
species occurs, comparisons of flora between the sites nationwide, as well as for 
planning protective measures.
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1.2.3.  Monitoring of fauna (excluding birds)

Ewa Gutowska, Filip Jarzombkowski

Studies in the monitoring of animal species, similar as in the case of plant species 
and natural habitats (cf. sections 1.2.1 and 1.2.2) are conducted within the areas of 
monitored sites. The scope and range of the studies are successively increased by 
rare and endangered species of the fauna (including those not listed in the Annex II 
to the Habitats Directive) and successive monitored sites. The size of the monitored 
sites is highly diversified and primarily depends on the specificity of a species and its 
habitat. In the case of, for example, small-size terrestrial gastropods of the Vertigo  
genus (1013, 1014, 1016), the habitat of which are waterlogged and forest-free  
areas supplied with alkaline water, the area they occupy takes up a few m2. Helix 
pomatia (1026), which is a species in a wide spectrum of habitats (it appears on 
the margins of forests, alder trees, on the swards and meadows near water reser-
voirs and in synanthropic habitats) it is found dispersed on relatively large areas,  
so the minimum area of the monitored site should be 625 m2 or more (Makomaska- 
-Juchiewicz, Baran 2012a; Makomaska-Juchiewicz, Bonk 2015). In the study of large 
mammals, such as for example the brown bear Ursus arctos (1354*), wolf Canis 
lupus (1352*) or the Eurasian lynx Lynx lynx (1361), due to the size of their home 
ranges the monitored area can cover entire forest complexes or vast mountain  
areas (Makomaska-Juchiewicz 2010). The number of monitored sites and their lo-
cations depend on the geographical distribution of the fauna, its resources and the 
present threats as well as their intensity. In the case of a few places of occurrence 
of the studied species and a high level of the risk of extinction or a decrease of the 
population, the guidelines of monitoring assume the inclusion of all the sites in 
the monitoring network. An example of rare and small populations of animal spe-
cies monitored on all the sites is the butterfly Eros blue (common meadow blue)  
Polyommatus eros (4042), being at the brink of extinction in Poland. Another exam-
ple is southern birch mouse Sicista subtilis (2021), one of the smallest rodents in the 
Polish fauna, or the Goldstreifiger Buprestis splendens (1085), which only lives in 
the area of the Białowieża Forest in the old tree stands with standing dead conifer-
ous trees, currently under serious threat due to the intensification of forestry in this 
region (Makomaska-Juchiewicz, Baran 2012a; Makomaska-Juchiewicz, Bonk 2015). 
In the case of species with greater representation and nationwide range, the loca-
tion of research sites is based on selection according to the needs of monitoring,  
as in the case of the European beaver Castor fiber (1337) (fig. 26), or the butterfly 
large copper Lycaena dispar (1060), the number and distribution of monitored sites 
for which still requires supplementation (Makomaska-Juchiewicz, Bonk 2015).
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Selection of monitored units is preceded by preliminary identification of Natura 
2000 areas and other areas known for the presence of a particular species, whereas 
it is facilitated by the available literature and environmental data from different 
sources (e.g. from other environmental monitoring, conservation plans, conserva-
tion measures plans, inventorying and environmental experts’ reports, studies and 
projects implemented by non-governmental organisations and academic institu-
tions, etc.). Determination of the network of monitored sites for fauna, similar as 
in the case of natural habitats and plants (cf. sections 1.2.1 and 1.2.2), takes into  
account the distribution and size of population, making note of both those present 
in the centre of the range and on its margins, and it is possible after preliminary 
field verification. The monitored units are selected so that a part of them is char-
acterised by good habitat conditions and the presence of a strong population of  
a species. These are the so-called reference sites, which can be referred to in the 
assessment of the state of conservation of the species on research sites.

Detailed studies are conducted both on the habitat patch and within the tran-
sects, or in a combined manner – the methodology of the studies is fairly com-
plicated and non-uniform (fig. 27). This diversification is conditioned by the 
way of life of particular animals and the specificity of the habitat they populate.  

Fig. 26. In the case of the European beaver Castor fiber the monitored site is a section of the river where the signs 
of its presence are visible



86 87

For example, in the study of beetles 
some indicators apply to a selected 
habitat patch, whereas other indi-
cators are assessed within the tran-
sect. In the monitoring of Rosalia 
longicorn Rosalia alpina (1087),  
a beetle occurring in natural forests 
with a large share of beech trees, 
squares with the area of 1 km2 are 
designated, which are divided into 
four parts, and then a transect with 
the length of 500 m is designated in 
each of them (Makomaska-Juchie-
wicz, Bonk 2015). Five circular areas 
with the radius of 10 m are desig-
nated within each transect. The as-
sessment of the state of the habitat 
and the population is conducted 
both within the transect and the 
study plots. Studies within habitat 
patches are usually planned for the 

species for which the place of occurrence is limited to relatively small areas, e.g. 
the Desmoulin’s whorl snail Vertigo moulinsiana (1016) living within alkaline fens, 
for the lesser ramshorn snail Anisus vorticulus (4056), or the great crested newt  
Triturus cristatus (1166) populating small water reservoirs, which constitute the 
entire study plots (Makomaska-Juchiewicz 2010; Makomaska-Juchiewicz, Baran 
2012a). The transect assessment method is often used in the studies of butterflies, 
e.g. the marsh fritillary Euphydryas aurinia (1065), occurring within the Molinia 
meadows with fluctuating water levels, where depending on the size of a habitat 
patch a strip with the length ranging from 50 to 200 m is designated (Makomaska- 
-Juchiewicz 2010).

Fig. 27. Water quality assessment for the purposes of 
animal monitoring
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Table 7. A template of the field survey form used at sites of the narrow-mouthed whorl snail  
Vertigo angustior (1014) (Makomaska-Juchiewicz, Baran 2012a)

Species observation sheet for the site

Species code and name 1014 narrow-mouthed whorl snail Vertigo angustior Jeffreys, 1830
Species code according to the Habitats Directive and the English and Latin name. 

Site name The name of the monitored site

Site type Reference/research

Protected areas within which 
the site is located

Natura 2000 areas, nature reserves, natural and landscape parks, environmental use 
areas, documentation sites etc.

Geographical coordinates Specify the geographical coordinates of the site (GPS) 
N XX°XX’XX.X”; E XX°XX’XX.X”

Altitude Specify the height above sea level

Site area Provide a value in ha, a, m2

Characteristics of the species’ 
habitat at the site

This description is to aid the identification of the site It should include a description of 
the location and type of terrain and how to get to it. Specify for which part of the site the 
geographical coordinates were provided.

Characteristics of the species’ 
habitat at the site 

A brief description of the habitat; habitat type, types of habitats around the site 

Information on the species at 
the site

Overall information on the occurrence of the species at the site, previous studies and other 
relevant facts; research results from previous years

Is it required to conduct 
monitoring in the coming years

Yes or no; if “no”, specify why it is suggested to discontinue site monitoring

Surveyor Name of the person conducting monitoring

Observation dates The dates of all observations

Species protection status at the site

Parameter/Indicators Indicator value and comments Assessment

Population

Population density Number of specimens/m2 FV/U1/U2/XX

Habitat

Area of the potential 
habitat

Specify the area covered at the site by plants falling within the 
habitat requirements of the narrow mouthed whorl snail on the basis 
of cartographic materials and field sketches. Provide a value in ha.

FV/U1/U2/XX

FV/U1/U2/XX

Cover level Specify the proportion of site area overgrown with trees and shrubs 
and/or reeds (expert assessment). Specify in %. FV/U1/U2/XX

Humidity level Specify in a five-point scale the dominant level of surface humidity 
using the method developed by Killeen and Moorkens (2003) FV/U1/U2/XX

Fragmentation  
of the habitat

Specified in a three-point scale on the basis of an analysis
of cartographic materials (orthophotomaps, e.g. Geoportal),  
a field sketch and a site visit (expert assessment)

FV/U1/U2/XX

Conservation 
prospects

A short prediction of the species population and habitat status for the 
next 10–15 years in relation to their current status and the tendencies 
being observed, taking into account all actions and plans the results 
of which might affect the species and its habitat

FV/U1/U2/XX

Overall assessment FV/U1/U2/XX

A list of the most important current and expected influences on (threats to) the species 
and its habitat at the site (including the current method of use, the planned investments, the planned changes in management 
and usage); assigning codes to influences/threats in accordance with Annex E to the Natura 2000 Standard Data Form; impact 
assessment: “+” - positive, “-” - negative, “0”- neutral; influence intensity: A - strong, B - moderate, C - weak.
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Current influences

Code Measure name Intensity Impact Summary description

A/B/C +/0/‒

A/B/C +/0/‒

A/B/C +/0/‒

Threats (expected future influences)

Code Name Intensity Impact Summary description

A/B/C +/0/‒

A/B/C +/0/‒

A/B/C +/0/‒

Other information

Other environmental values Other animal and plant species from the annexes to the Habitats and Bird Directives 
observed during the monitoring: endangered and rare species (the Red List), protected 
species (specify abundance using the following scale: high, medium, low)

Alien and invasive species The observed alien and invasive species

Protection measures  
carried out

e.g. strict protection, mowing, raising the water level, grazing, other land restoration 
measures

Suggestions to introduce 
protective measures

see above

Other comments Information relevant to further planning of monitoring (work methods, indicators that 
should be studied as part of the monitoring and their values, the optimal period for research 
etc.)

Documentation 
photographic 
and cartographic 

Attachments to database (electronic version): A minimum of 2 photographs per site (species, 
habitat), borders of the research area marked on an appropriate base map (e.g a map from 
geoportal.gov.pl)

Table 7. cont.

The information collected during field studies is recorded in the observation sheet, 
which is filled in both for sites, which allows national-level assessment in bioge-
ographic regions (tab. 7) and for individual Natura 2000 areas (separate sheet).  
Both forms have a similar structure allowing data collection using the same method. 
In addition to general information, such as inspection dates, environmental expert 
data, geographical coordinates, and an overall description of the site and species, 
the observation sheet contains a characteristics and assessment of the population 
and habitat status on the basis of indicators and parameters, a list of observed  
influences and other information (e.g. the natural values observed, the protection 
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measures conducted and methodological comments). Photographic documenta-
tion is also created for each monitored site (e.g. an overview, plant structure, dead-
wood resources, signs of animal presence, threats, etc.) and the monitored species, 
if possible. For the monitoring of butterflies at a research site, phytosociological 
documentation can also be prepared (a phytosociological relevé), although it is not 
required.

Assessing the protection status of each of the monitored species is performed on 
the basis of a series of custom indicators, which make up the “population” and 
“habitat” parameters. The “species survival prospects” parameter is also separately 
assessed for the whole monitored site. For the purposes of European Commission 
reporting at the national level (biogeographic regions) an additional parameter is 
“species range”. As in the monitoring of species and natural habitats of plants, the 
assessment method uses the main assumptions and naming conventions specified 
by the European Commission, which makes the collected information compatible 
with the data across individual EU Member States.

The assessment of the “species population” parameter is determined by the indica-
tors specifying the abundance and population structure and its health status, with 
indicator sets and their values differing from species to species. Abundance can be 
determined in a variety of ways. For the willowherb hawkmoth Proserpinus proser-
pina (1076) the adopted method is counting caterpillars along the transect, while 
for the Sudeten ringlet Erebia sudetica (1069) the overall number of observed speci- 
mens is provided and in the monitoring of dragonflies their exuviae are counted  
(Makomaska-Juchiewicz, Bonk 2015). In the case of the Eurasian beaver Castor fiber  
abundance is determined by using several indicators, including “family density” 
or “the proportion of positive species observations” expressed as a percentage.  
The abundance of the European hamster Cricetus cricetus (1339) is determined by 
burrow density per 1 ha (Makomaska-Juchiewicz, Bonk 2015). Due to difficulties in 
determining species abundance (annual population fluctuations, a secretive life-
style of animals, rare occurrence, lack of options to estimate the species without 
affecting it, etc.), it is often not assigned a value and does not affect parameter  
assessment (value of the evaluation XX). Many cases involve only the occurrence or 
lack of occurrence of a given species.

The assessment of the “species habitat” parameter involves a number of indica-
tors describing its characteristics and environmental conditions. Some of these are 
only applicable to some animals – for example, the “fungi” indicator is assessed in 
the habitat of the small beetle Oxyporus mannerheimii (1924), whose development 
is linked with specific mushroom and tree fungus species. In assessing a butterfly 
habitat using the “nectar plants” indicator, a list of food plants is usually provided, 
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along with an estimate of the covered area. “The amount of deadwood,” in turn, 
is assessed for i.a. beetles, which occur in withering trees and “water quality” is 
determined for some animals connected with watercourses and water reservoirs 
(Makomaska-Juchiewicz, Bonk 2015). Some indicators used for the assessment 
of animals are also used in the monitoring of natural habitats (cf. Section 1.2.1).  
For example, whorl snails Vertigo (1013, 1014, 1016) occurring within calcareous 
fens (7210) and mountain and lowland alkaline fens of a flush mire, sedge meadow 
or moss field character (723) are assigned similar values of certain indicators as 
those used in the assessment of habitats 7210 and 7230. In monitoring the marsh 
fritillary Euphydryas aurinia features determined in the studies of Molinia meadows 
with fluctuating water levels are used. In some cases the correct assessment of cer-
tain indicators requires expert assessment. This relates to e.g. a situation in which 
the studied species occurs in a habitat that is natural but not optimal for it (e.g. at 
the border of its range) and its status is good, but according to the methodological 
guidelines the assessment of several indicators should be lowered. Every deviation 
from the methodological guidelines must be explained in detail, making it possible 
to verify the approach adopted in assessing the species in future research. As in the 
monitoring of plants and natural habitats (cf. Chapter 1.2.1 and 1.2.2), the monito- 
ring of animals involved the determination of the so-called cardinal indicators or 
key conditions for the population and conservation status of their habitats, which 
have a greater weight in assessing the species protection status than other indica-
tors. However, this rule is not used in some cases, where no cardinal indicators are 
selected and it is assumed that all indicators have the same weight. 

The general system of specifying the protection status of a species (on the level of 
both indicators and parameters) is identical as in the case of assessing natural habi-
tats and plant species (cf. Sections 1.2.1 and 1.2.2). Assessment is carried out using 
a three-point scale, where FV means favourable, U1 means unfavourable-inade-
quate, and U2 means unfavourable-bad. In the absence of sufficient data, the XX 
grade can be assigned – unknown status. Additionally, in some cases (where there 
are no cardinal indicators) a point-grading system is used. A parameter is assessed 
by assigning a specific number of points to the FV, U1 and U2 values, e.g. FV – 3 
points, U1 – 1 point, U2 – 0 points. The final assessment of a parameter involves 
i.a. the total points assigned to the respective indicators, e.g. 19 and more points 
and no more than two U2 grades result in a good status (FV). The assessment is 
recorded in the observation sheet along with a short description according to the 
monitoring methodology guidelines. 

The “species survival prospects” are determined on the basis of expert knowledge, 
the effectiveness of any potential protection measures and influences observed 
within and outside the habitat. This parameter is used to predict if a given species 
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habitat or population can be sustained in a favourable status for the next 10 to 15 
years, considering the currently observable conditions. The determined impacts are 
specified using a list of influences, threats and pressures, in which individual factors 
affecting the status of natural habitats are classified and codified (Manual 2012). 
Each of the observed influences is also assigned the parameters of impact (positive 
or negative) and intensity, where H means high, M – medium and L – low. Until 2011 
there were different intensity designations (A, B, C) and neutral impact on a habitat 
was also recognised (cf. Manual 2010). The observed impacts can relate both to 
the species itself (e.g. reduced fertility/genetic diversity decline, predation, animal  
collecting, biocide, hormone and chemical substance application, antagonism with 
domestic or introduced animals) and its habitat (e.g. leaving or removing dead-
wood, logging, abandonment of land use or excessive use, the construction of roads 
and motorways, the regulation (straightening) of river beds, noise pollution, filling 
up) and they can be external (pollution, natural processes, agricultural intensifica-
tion near animal refuges).

The assessment of parameters “species population” and “species habitat” along 
with the parameter “species survival prospects” affects the final assessment of the 
species status at the site, i.e. “the general assessment of the protection status of  
a species.” The general assessment is made up of partial assessments and it  
depends on the lowest grade provided for parameters. For example, if a para- 
meter receives the U2 grade, the general assessment should be lowered to U2  
(Makomaska-Juchiewicz 2010; Makomaska-Juchiewicz, Baran 2012a; Makomaska- 
-Juchiewicz, Baran 2012b; Makomaska-Juchiewicz, Bonk 2015).

Information obtained in the course of animal species monitoring is stored as  
reports, according to the assumptions developed by the Chief Inspectorate of  
Environmental Protection and the Institute of Nature Conservation PAS. The proce-
dures for submitting data by entities carrying out monitoring activities, information 
archive and storage methods and its management are similar to those used in the 
monitoring of natural habitats, plant and animal species. The results of monitoring 
animals in the form of reports containing information on resources, distribution and 
conservation status of individual species are widely available on the website of the 
Chief Inspectorate of Environmental Protection (GIOŚ) (http://siedliska.gios.gov.pl). 
For sites of species at risk of extinction and sparse, to prevent potential damage 
to the site (destroying habitats, trapping animals), geographical coordinates and 
other information on the location of the species are not published. The methodo- 
logy of research for respective species (a methodological guide) is issued in the form 
of publications, which are also available in electronic versions on GIOŚ website.  
Four volumes have been prepared to date.
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The materials collected in the process of monitoring are used i.a. to determine the 
conservation status of individual animal species on the national, biogeographic  
region and local levels. This data expands knowledge about specific species sites, 
their resources and geographical distribution and makes it possible to determine 
the tendencies and threats. They are also used to plan protection measures.
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1.2.4.  Avifauna monitoring

Ewa Gutowska, Filip Jarzombkowski

Information on the avifauna occurring in Poland (nesting, wintering, migratory)  
is collected in two systems – central monitoring covering the entire area of the 
country, carried out as part of the State Environmental Monitoring (Monitoring of 
Birds of Poland) and in a system of local monitoring, restricted to special bird pro-
tection areas (SPAs) and national parks. The data collected in both systems are not 
integrated (and often based on different methodological assumptions), which is 
why for the most part they cannot be used in analysing the abundance tendencies 
at the national level and are applicable only to specific protected areas. Further-
more in local monitoring usually the only observed bird species are those which are 
the protected species in a given area and the specific nature of such areas does not 
always allow to compare the obtained results with national populations. Integrating 
both ornithological monitoring systems is possible with the use of uniform general 
rules and standardised field work. This would be beneficial from the point of view 
of both national and local monitoring.

The Monitoring of Birds of Poland is coordinated by the Chief Inspectorate of  
Environmental Protection. This programme is aimed at determining the status of 
the population and distribution of individual bird species and habitat resources in 
this country and also observing the abundance fluctuations of the avifauna. It covers 
studies of nesting, wintering and migratory birds, with a particular focus on special 
bird protection areas (SPA) being part of the Natura 2000 network and is regularly 
extended. The Monitoring of Birds of Poland is divided into so-called programmes, 
each of which is dedicated to a specific group of birds or individual species.

▶ Common Birds Survey,
▶ Flagship Species Survey.
▶ Wetland Bird Survey,
▶ Raptor Survey,
▶ Forest Owl Survey,
▶ Nesting Seabird Survey,
▶ Wintering Waterbird Survey and Transitional Waters Wintering Waterbird Survey,
▶ Wintering Seabirds Survey,
▶ Geese Survey,
▶ Crane Survey,
▶ Rare Woodpeckers Survey
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▶ Rare Species Survey 1 (osprey, golden eagle, spotted eagle),
▶ Rare Species Survey 2 (whooper swan, ferruginous duck, dunlin, Mediterranean 

gull),
▶ Rare Species Survey 3 (roller, great snipe, aquatic warbler, night heron).

Monitoring studies involve annual (or in some species, less frequent) representa-
tive sampling of individual species or assessing the size of the entire populations 
(so-called censuses), using various research methods. A sampling survey is used 
for most species, requiring the random selection of plots located within the area 
inhabited by a species. Examples include the monitoring of the European night-
jar Caprimulgus europaeus, a species inhabiting rather sparse, dry woodlands  
interspersed with unforested areas, the Eurasian three-toed woodpecker Picoides  
tridactylus inhabiting old forest stands with a large proportion of deadwood, or the 
tawny pipit Anthus campestris, which thrives on agricultural lands, and also many 
others. 2015). 

The monitoring of bird species is conducted within sampling plots, which are the 
equivalents of monitoring sites of natural habitats and plant and animal species.  
On the basis of literature data and experts’ knowledge on the occurrence of indi-
vidual species, a study area is delineated and overlaid with a grid of equal squares.  

Fig. 28. Montagu’s harrier Circus pygargus is one of the birds of prey covered by the monitoring
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The squares of the grid, the size and number of which depend on the spatial require-
ments of the monitored species and the range of the whole research areas, are the 
potential plots. Their size should be similar or slightly greater than the area used 
by the surveyed species. It is assumed that the square sizes should be set between 
250 × 250 m and 5 × 5 km, but optimal areas are 1 × 1 km or 2 × 2 km (Chylarecki et al. 
2015). For accipitriformes and owls monitoring in 5 × 5 km squares is recommended, 
for the common redshank Tringa totanus – 2 × 2 km and for the northern lapwing 
Vanellus 1 × 1 km or 10 × 10 km depending on the size of the study area (Chylarecki 
et al. 2015). In monitoring waterbirds the plot is determined as the water reservoir 
(lake, small pond, pond and other). This also relates to species with small-area or 
island-like habitats in the landscape (forest areas, open mires, a small section of  
forest surrounded by grasslands etc.). After determining the mesh size, the target 
plots (covering both places with confirmed bird sites and potential habitats) are 
randomly sampled. Simple random sampling is usually used in environments with 
relatively uniform landscapes, such as woodlands or meadow complexes and in the 
monitoring of common cranes Grus Grus. Stratified random sampling is taken into 
account in the case of a spatial diversity within a habitat, a variety within the popu-
lation of a species or due to other circumstances. It is used in e.g. the monitoring of 
gulls and terns, where potential species nesting habitats are delineated, taking into 
account the presence of factors affecting the density of colonial bird populations. 
Sometimes systematic sampling is also used, employing a predefined spatial pattern 
e.g. from a designated grid of squares, where in every row every nth square is ran-
domly sampled. An example is the monitoring of birds connected with marshes, for 
which two types of areas are designated: first-level – determined by stratified ran-
dom sampling and second-level (with smaller areas) based on systematic sampling. 
For some bird species both random sampling and expert-based selection methods 
are used, such as in the monitoring of nesting forest owls, where first-level areas are 
determined using stratified random sampling and second-level areas are selected 
by the surveyor. In some cases species require counting in roost sites, e.g. geese are 
observed in the locations where they are the most numerous. Usually from several 
to a dozen or so plots are selected, with area size, habitat diversity, habitat type 
and the specific nature of the monitored species being the most important factors. 
For censuses, the location of plots is not randomly sampled but depends on the 
nesting area of the species, covering all known sites (this usually relates to rare spe-
cies inhabiting relatively small areas or easy to count). This monitoring method is 
used in i.a. assessing the population of the sandwich tern Thalasseus sandvicensis, 
the white-tailed eagle Haliaeetus albicilla, all species covered by the “Rare Species 
Survey 1–3” programmes or the grey heron Ardea cinerea and the great cormo-
rant Phalacrocorax carbo, which nest in colonies. This method is used much less 
frequently due to the difficulty in estimating abundance in large areas and usually 
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also due to the secretive lifestyle of a species. Censuses within randomly sampled 
plots are used quite frequently. An example is the monitoring of the corn crake Crex 
crex carried out in areas larger than 100 km2, where in randomly sampled squares 
all females making mating calls are counted. For white stork Ciconia ciconia, regular 
observations are only carried out on randomly selected areas within 15 geographi-
cal regions (Chylarecki et al. 2015; Państwowy 2016).

Bird counts are carried out in a previously planned transect or in points. Transect 
surveys involve recording the observed species on both sides of the surveyor’s  
passage line. This method allows to estimate the avifauna, which must be flushed 
out to detect and makes it possible to record a larger number of species (including 
rare and relatively quiet). A transect can form a straight or broken line or disjoint 
lines. They should be selected in such a way as to take into account the environ-
mental conditions and ensure the optimum use of the surveyed area. The length of 
the transect may vary – e.g. on land it is usually 1–2 km. In addition to the presence 
of individual specimens, the distance between the bird that is seen or heard and 
the transect line is recorded. In some cases distance strips are designated along 
the transect to assist in determining the distance from the observed specimen.  
Recordings from the most distant strip are not taken into account in analysis and 
birds from outside the transect are not counted. Specimens in flight are recorded 
as a separate category and are not assigned to the transect. Surveys usually involve 
a division of the observed birds into such classes as sex, behaviour (e.g. neutral, 
alarmed near a nest, mating behaviour) and observation type (aural, visual), while 
this information is avoided in the simplified version of monitoring. The walking rate 
along the transect should be reasonably fast to minimise the likelihood of counting 
the same specimen twice. Transect surveys do not use aural stimulation, as this  
increases the probability of double counting or failing to record the voice of birds 
during marching. Point counting is used mainly in surveys of songbirds or bird com-
munities detected by listening. In this method all birds seen or heard from the obser-
vation point are recorded in different distance categories (2–4 categories specified 
for the surveyed species or assemblage of species. Observation time may vary and 
is usually 5 to 10 minutes. Ten-minute observations allow to detect a larger num-
ber of species, e.g. those rarely heard, while further extension does not increase 
detectability. The observation time is sometimes considerably extended, such as 
in monitoring accipitriformes, where counts are carried out in periods no shorter 
than one hour (for a single survey) or about half an hour (when there is more than 
one survey during the season). In point counting it is possible to use voice stimula-
tion, which involves playing the songs or mating calls of a given species. It is used 
in studies based on aural observations, as in the case of owls, where listening lasts 
for 1–3 minutes, after which voice stimulation is carried out in three series, each 
longer than the previous one (Chylarecki et al. 2015). It is important not to overuse 
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sound signals, as birds might feel uneasy and stop calling. In a study of more than 
one species, attention should be paid to the order of voices played. For example, 
smaller owls should be called first, e.g. the boreal owl Aegolius funereus, and only 
after this species has been counted, larger animals, such as tawny owl Strix spp., 
whose voice can scare off other species, leading to inaccurate monitoring results. 
Observation points should be located at an appropriate distance from one another 
to avoid counting the same specimens twice (at least 200 m). A mixed transect/
point-based method is also used in the monitoring of birds, involving observations 
both at points designated within the transect and during the walk. 

Inspections in the following seasons, both at points and along transects, are always 
carried out in the same spots. This usually involves two or three field visits carried 
out on different dates, which follows from the biology of the species (taking into 
considerations i.a. courtship display and nesting phenology differences) For exam-
ple, for the common goldeneye Bucephala clangula monitoring studies are carried 
out every four years for two consecutive seasons and owl monitoring is repeated 
every 3 to 5 years (Chylarecki et al. 2015), while inspections in the monitoring of 
the great snipe Gallinago media are conducted every year (Maniakowski 2010).  
In planning observations the time of study should be carefully considered to match 
the time of the highest activity of the studied species. For example, the activity 
of waders (the black-tailed godwit Limosa limosa, the Eurasian curlewNumenius 
arquata, the redshank Tringa totanus, the norhtern lapwing Vanellus vanellus)  
decreases around midday and the European nightjar Caprimulgus europaeus is  
active at night (Chylarecki et al. 2015). Another aspect that must be taken into  
account in planning field studies is the weather conditions, which largely affect the 
activity of birds. E.g. owls, which are recognised by the voice emitted by territorial 
males, in unfavourable weather conditions (fog, overcast sky, continuous rainfall, 
adverse temperature conditions) might remain silent (Chylarecki et al. 2015).

Different counting units are defined for every studied species, such as for example 
specimens regardless of sex and behaviour, singing males, males in song display 
flight, breeding pairs, birds with nestlings showing uneasiness, families, occupied 
nest, nest site, nesting colonies and other units. The observation results are recor- 
ded in field survey forms adjusted to the study of individual species or species 
groups. They contain basic information about the surveyor, plot size, inspection 
dates and weather conditions and the remaining content is highly variable (tab. 8, 
tab. 9). In many cases some observations are marked on topographic maps. This 
usually involves data on flight direction and landing spots, nest and site locations 
and also the directions from which voices of males were heard etc. In the monito- 
ring of common nesting birds the counting form contains transect schemata along 
with distance zones in which observations are marked. A collective form is also filled 
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out, providing a list and number of all observed species along with data on the 
distance from the transect at which individual species were observed. Similar but 
more complex forms (including i.a. a habitat description sheet) are filled in during 
water and marsh bird observation. In the monitoring of raptors, counting sheets 
contain separate tables for counting non-breeding and breeding specimens. A site 
inspection sheet is also filled out with such information as site description, number 
of nestlings, ringing, nest and brood losses and comments. Simple forms are used 
in the course of monitoring flagship bird species. In addition to general data, they 
include the name of the reservoir or town or village where the species has been 
observed, a description of the habitat and the inspection result. The collective form 
is not filled out. The counting form for wintering birds of transitional waters is also 
simplified: it only contains the number of birds sitting and in flight, as divided by sex 
and age and unmarked specimens.

Table 8. A fragment of the field count form from the monitoring of nesting forest owls  
(http://www.monitoringptakow.gios.gov.pl)

Date 
…………………..

Plot No. (e.g. SL23)
……………..

Name/s
………………………………………………………………

Point 
No. 1

Wind 1 2 3 >3 ......... Cloud cover ............. % Coordinates .......º .......’ ......., .......’’ N ; .......º .......’ ......., .......’’ E 

Precipitation S D 
1 2 3 Audibility I II III IV Stimulation start time ........ : ........

Species Number of 
specimens/sex/age

Distance /
Direction

During voice 
stimulation

1st minute 
of listening 

2nd minute 
of listening Later Comments

...........m/.........º

...........m/.........º

...........m/.........º

...........m/.........º

...........m/.........º

Information obtained in the course of the Monitoring of Birds of Poland (across 
the individual programmes of monitoring bird populations) are collected in  
a database and available as a web app (http://monitoringptakow.gios.gov.pl/
baza-danych) and reports (http://monitoringptakow.gios.gov.pl/raporty). The divi- 
sion of data into two sections – species and plots – makes it easier to find infor- 
mation i.a. about the distribution of individual species, the abundance tenden-
cies in populations and the species conservation status. It is also possible to 
view the distribution of plots and inspection results in specific years of monito- 
ring, also divided into administrative divisions, special bird protection areas etc.  
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Table 9. Site inspection sheet for the monitoring of nesting forest owls 
(http://www.monitoringptakow.gios.gov.pl)

Area code Surveyor/s

Contact data
(address, phone, e-mail)

Early-spring count

Date (dd/mm/rrrr) Temperature 
(min – max) ‒ ºC Snow cover  

(min – max) ‒ cm

Pressure [hPa]
(Source: http://new.meteo.pl)

Quarter moon
(Source: http://www.calendar.k-ce.pl):

quarter

day

Sunset Sunrise

Overall number of specimens

BB SXU AFU GP SXA AO TA AN AF

Late-spring count

Date (dd/mm/rrrr) Temperature 
(min – max) ‒ ºC Snow cover  

(min – max) ‒ cm

Pressure [hPa]
(Source: http://new.meteo.pl)

Quarter moon
(Source: http://www.calendar.k-ce.pl):

quarter

day

Sunset Sunrise

Overall number of specimens

BB SXU AFU GP SXA AO TA AN AF

General habitat description

Lie of the land

Presence of watercourses  
and water reservoirs

Open areas

Tree stands (species 
composition, age, density)

Other
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A set of guidelines for avifauna monitoring was published in book form – Monitor-
ing ptaków lęgowych (Nesting Birds Survey) (Chylarecki et al. 2015). This metho- 
dological guide contains both information on the biology of individual bird species 
and methodological assumptions, describing research planning and presenting data 
analysis methods. Counting forms and instructions on how to conduct research in 
specific monitoring programmes are available on the website of State Environmen-
tal Monitoring: http://monitoringptakow.gios.gov.pl/instrukcje-i-formularze.

Information collected in the course of bird monitoring extend knowledge about the 
distribution and abundance of numerous national species and facilitate the obser-
vation of changes on the level of both bird populations and habitats. In addition, 
this data allows to determine the reasons for abundance fluctuations and assist in 
the planning of conservation measures for avifauna and its habitats.
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Most habitat monitoring systems in place in Europe were established to implement 
the Habitat Directive (1992 Directive), and more specifically to comply with Arti-
cle 17, under which all EU Member States are obliged to report to the European 
Commission every six years on the implementation of this Directive. Produced for 
these purposes, the reports on the state of the conservation of natural habitats of 
interest to the European Community (the so-called Natura 2000 habitats) are based 
primarily on the results of the monitoring of these habitats. Assessments of their 
state are provided in a uniform format to allow the Commission to make EU-wide 
compilations, comparisons and summaries (ETC/DB 2014; European Commission 
2015), whereas the methodology of collecting data for the reports is developed by 
each Member state separately (see tab. 10).

There is also a separate group of monitoring schemes implemented in Europe which 
involves conservation measures and valuable-habitat management. These schemes 
are in most cases implemented locally or regionally. Usually, they focus on studying  
one or several types of habitats, or target a specific region, or protected area.  
Not uncommonly, these studies are structured as a scientific experiment (Lengyel et 
al. 2008). The study plots are often selected subjectively, depending largely on what 
specific measures the project at hand involves and relying on expert knowledge 
rather than statistical methods. There is no standardised approach to how these 
kinds of habitat monitoring are designed, which makes it difficult to compare the 
data they yield.

Both the monitoring of habitats under the Habitat Directive and the more local 
and focused studies of the state of habitats are often part of nationwide biodiver-
sity-monitoring systems implemented under the Convention on Biological Diversity 
(Convention 1992, see tab. 10).

As ecosystems continue to degrade, increasing importance is attached to schemes 
which focus on studying the qualitative and quantitative changes in environmentally 
valuable habitats in global, regional, national and landscape terms. These schemes 
often emphasise the spatial aspect. To capture spatial data, they often employ the 
traditional method of field mapping, which usually involves the mapping of habitat 

Environmental monitoring of agricultural areas in Europe1.3. 

1.3.1.  Monitoring of habitats
Katarzyna Kotowska, Filip Jarzombkowski
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or vegetation types. For larger areas, however, it is increasingly common to employ 
technologically advanced remote sensing methods which use satellite images. Both 
these methods commonly use aerial photographs as a source of data. The spatial 
aspect is usually less important in the case of long-term monitoring schemes based 
on studies of vegetation dynamics using permanent observation plots (Lengyel et 
al. 2008).

In most cases, habitat monitoring is carried out in protected areas and rarely consti-
tutes the only measure to monitor the state of the environment – usually, it is cou-
pled with the monitoring of species. Studies are often carried out every year, with  
a relatively significant share of surveys being undertaken every five years or less  
frequently. Usually, a site is visited only once during a growing season. The data  
these studies yield include mainly habitat-state indicators (mostly including the 
species makeup, keystone species, disruptions of habitats, changes in the physic-
ochemical environment and fragmentation) and information on potential chang-
es observed at the habitat level. Field work takes up to two months a year – the  
remaining time is largely devoted to processing and analysing data, which relati- 
vely rarely involves advanced statistical methods. The studies are primarily carried  
out by professional naturalists, with an occasional assistance from volunteers.  
The funding for habitat monitoring schemes is provided mainly by the EU and state 
governments (Lengyel et al. 2008).

A particularly notable example of a monitoring system established for the purposes 
of Habitat Directive reporting comes from the Czech Republic. The system involves 
an unusually broad scope of work put into the documentation of the current habi-
tat resources of the country. The result is an extensive database, which serves as 
the basis for a comprehensive and methodologically advanced observation system 
(Guth, Kučera 2005). 

The process of establishing the system to monitor Natura 2000 habitats in the Czech 
Republic began in 2000 with the commencement of works on designating sites 
of Community importance (Härtel et al. 2009). The Czechs started with the pilot 
mapping of habitats to later (2001–2004) move on to regular habitat mapping at 
two levels, including detailed mapping of sites with a high probability of featuring  
environmentally valuable habitats and selective mapping of the remaining parts of 
the country. The data collected were not only related to the spatial identification 
of habitats, but also included information on the representativeness, conservation 
status and other characteristics. The mapping was based on the classification deve- 
loped by Chytry et al. (2001; 2010), in which the breakdowns were more detailed  
than in Annex I of the Habitat Directive – 173 “biotopes” were identified, which 
translated into 60 types of natural habitats (including 19 priority habitats).  
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This provided the most up-to-date source of quantitative and qualitative data 
describing habitats from across the Czech Republic, which could be used for the 
monitoring that has been implemented since 2006. These studies are designed to 
update the dataset collected by means of the annual remapping of about 10% of 
the previously mapped plots, in line with the methodology described in monito- 
ring handbooks (e.g. Hédl, Lustyk 2006). About 100–150 botanists are involved in 
the mapping each year. Some of them are employees of the regional branches of 
the Nature Conservation Agency of the Czech Republic (Agentura ochrany přírody 
a krajiny ČR) – the government authority which coordinates the entire monitoring 
scheme (Oušková, Tichý 2012). Compared to studies conducted during the initial 
mapping, these studies are more focused on assessing the degrees of conservation 
and degradation of individual habitats, and their floristic patterns, including type 
species, protected species, red-list species and alien species. Also, monitoring is 
carried out of soil or water (depending on the type of the habitat), and land use 
change patterns are observed. For the purposes of the mapping, the country was  
divided into 3,500 regions ranging from 1,500 ha to 3,000 ha, with priority being  
given to protected-area mapping. In addition to regular works aiming to update 
habitat maps, habitat monitoring is carried out on permanent observation plots.  
Habitats are divided into common and rare habitats, with the latter being studied  
exclusively by qualified botanists. Up to 50 study plots have been identified within 
“individual habitats to be monitored over a single year. Forest habitats are studied 
every 12 years and other habitats every six years. The plots are selected from pre- 
-identified uniform patches of vegetation which are representative of individual 
habitats. The factors taken into account here include the homogeneity and fair 
identifiability of the stand of vegetation, the geographical and phytosociological 
variability of the habitat, and also the habitat’s condition, stability, and level of  
degradation, and the absence of edge effects (Härtel et al. 2009) can be used. 

Habitat monitoring data is accumulated in the GIS database in the form of the habi-
tat mapping layer available for view on mapy.nature.cz (licenses to use vector data 
are issued for specific purposes only). It is used not only to implement interna-
tional projects (including reporting to the European Commission), but also provides 
the basis for environmental impact reports (EIR), research projects, protected-area 
management plans and the Red Book on Habitats of the Czech Republic. 

In the Belgian region of Flanders, natural-habitat monitoring is the responsibility of 
the Research Institute for Nature and Forest (Instituut voor Natuur- en Bosonderzoek 
– INBO). One of the underlying objectives of this system is to work in synergy with the 
existing monitoring schemes involving forests, dunes and estuaries. The monitoring 
scheme is based on habitat mapping and habitat condition assessments carried out 
every 12 years. Field mapping is done for all Special Areas of Conservation (SAC)  
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and all known sites of Natura 2000 habitats outside SACs. Monitoring is carried out 
on sites sampled for each habitat type, with scarce habitat types of less than 10 ha 
country-wide being assessed for the entire area of the patches, without designating 
survey sites. The studies focus on identifying indicators for habitat quality, based pri-
marily on vegetation composition and structure. Each habitat type has its own set of 
indicators, both positive and negative, whose values are used to distinguish between 
favourable and unfavourable habitat quality. For terrestrial habitats, two types of 
study plots are designated in each location. Structural indicators are determined on 
circular plots with a diameter of 18 m, and the species composition and cover are 
established on square plots of 16 × 16 m for forests and 3 × 3 m for other habitats. 
For standing water bodies, the research site is the entire water body, whereas for 
rivers, the research site is a 100-m-long transect. The overall quality of a habitat is 
unfavourable if at least 25% of the monitored plots are found to be of unfavourable 
quality. The monitoring includes 4,000 research sites for terrestrial habitats, 300 
sites for standing water bodies and 170 sites for streams. The locations are selected 
from a spatially balanced random sample using the existing map of habitats in Flan-
ders. The system was put in place in 2013 after a series of pilot projects, and first 
habitat studies began in 2014 involving heathland habitats, grassland habitats and  
standing water bodies. Monitoring of other habitat groups and preliminary data 
analyses have been started on a phased basis since 2015 (Westra et al. 2014).

In Germany the condition of natural habitats is assessed for the Habitat Directive 
purposes under a national monitoring scheme (which also includes plant and ani-
mal species), with individual federal states being responsible for its implementation 
(Sachteleben et al. 2010). The government of Germany, acting through the Federal 
Agency for Nature Conservation, is responsible only for the monitoring in the exclu-
sive economic zone of the North Sea and the Baltic Sea, and the consolidation and 
analysis of data, and the final assessment of the conservation status of habitats at 
the national level. Germany has worked to implement a Habitat-Directive compliant  
monitoring system since 2002, but it was not until 2008 that a comprehensive 
study methodology was accepted by the governments of individual federal states.  
The system has been designed to identify and assess the condition of habitats pur-
suant to guidelines specific to each habitat (Bundesamt für Naturschutz 2010).  
The studies are carried out every year, every two or three years, or every six years. 
Their frequency depends on the habitat type, with shorter intervals being applied 
to highly dynamic habitats. Widespread habitats (with more than 63 sites) are stud-
ied in 63 randomly sampled locations. Other habitats (less common) are monitored 
in all known locations. Surveys are carried out within the boundaries of Natura 2000 
areas as well as beyond, and are always repeated in the same locations. In the case 
of widespread habitats, monitoring sites are allocated to individual federal states in 
proportion to the share of the habitat in the area of the federal state. 
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As in the case of the systems described above, the Slovak system also has a detailed 
and structurally uniform study methodology for each type of habitat (Výkon moni-
toringu 2013). This methodology is based on past studies and standard methods 
of environmental condition assessments (State Nature Conservancy of the Slovak 
Republic 2015). Data on habitats were verified on site, resulting in an updated net-
work of permanent research sites. Factors which influenced the choice of habitat 
sites to be monitored included habitat size (0.5–70 ha), habitat share in the case 
of habitat mosaics, location within the boundaries of a specific biogeographical  
region, equal distribution within the entire range of the habitat, variable conserva-
tion status and the need to include known sites of rare habitats. A comprehensive 
information platform with electronic forms for entering data has been created to 
collect, assess and publish data. Each record entered into the system undergoes  
a two-stage assessment and once accepted, data can be viewed on www.biomoni-
toring.sk. The monitoring scheme was implemented between late 2013 and au-
tumn 2015. Responsibility for the monitoring of individual habitats lies with the 
National Agency for Nature Conservation of the Slovak Republic (Štátna ochrana 
prírody Slovenskej republiky) and the Insitute of Applied Ecology (Inštitút apliko-
vanej ekológie DAPHNE). Each group of habitats has been assigned a leader, whose 
task is to coordinate the work of on-site experts, advise on methodology issues, 
facilitate communication with coordinating bodies and, in particular, verify and  
approve incoming data. The conservation status of habitats is assessed at a number 
of levels – plots, biogeographical regions, country-wide, SACs and habitat groups. 
The conservation status of a habitat for a given site is assessed during an on-site 
visit in line with a dedicated methodology or expert assessment, and is based on 
the assessment of sub-parameters, i.e. “habitat condition” and “habitat prospects”. 
The assessment of these parameters depends on the proportion of the habitats 
with the favourable (FV), unfavourable (U1) and poor (U2) conservation status.  
A sub-parameter is considered as FV if at least 85% of the area monitored has a fa-
vourable conservation status, or if a favourable conservation status has been shown 
for at least 70% of the monitored area of the habitat and no U2 plots have been 
found. Where the share of plots with a poor conservation status is at least 50%, 
the parameter is assessed as U2. Otherwise, the sub-parameter will be considered 
as U1. The overall assessment of the conservation status of a site depends on the 
sub-parameter with the poorest assessment, whereas biogeographical, country-
wide and SAC-level assessments are based on the prevailing assessments of the 
habitat’s sites. The Natura 2000 habitat monitoring scheme in Slovakia involves 65 
habitat types, including 18 forest habitats studied on almost 2,300 sites. Non-forest 
habitats are assessed in more than 4,400 sites. Data collected between January 
2013 and August 2015 have been published in „Monitoring of plants and habitats 
of Community interest in the Slovak Republic. Results and assessment in the period 
of 2013–2015” (Šefferová Stanová i in. 2015).
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Habitat-related aspects are often addressed in the context of biodiversity moni-
toring. This is exemplified by one of the world’s first national systems of this type 
– the “Biodiversity Monitoring in Swizerland” scheme (BDM). It is a government 
project of the Federal Office for the Environment (Office fédéral de l’environnement 
OFEV) based on the PRS (pressure-state-response) model developed by the OECD.  
It investigates biodiversity using several dozen indicators assigned to three cate-
gories – pressure (type E), state (type Z) and response (type M) (Hintermann et 
al. 2000). All the three indicators relate to habitats and are designed to monitor 
their size area-wise and conservation status. As there are no uniform data for all 
valuable biotopes, these indicators include only some specific habitats – for area 
indicators (type E and Z indicators), these are mires, floodplains and grasslands, 
and for conservation state indicators (type Z indicators) – only mires (Federal  
Office for the Environment 2013). In addition to those mentioned above, the BDM 
scheme includes other indicators which can be related to habitats, such as indica-
tors related to species diversity and species-association, forests, water bodies and 
landscape. The condition of habitats is assessed both at the national and regional 
level, including habitat types and altitudes above sea level. Homogeneous study 
plots ranging from 100 to 200 m2 are defined on the basis of the interpretation of 
infrared aerial photographs made for areas sized 1 km2. Field work is carried out 
within the boundaries of study plots involving the inventory of vascular plants and 
mosses and the determination of their cover. Combined with the interpreted aerial 
photographs, the data collected can be used to create a vegetation map for an area 
of 1 km2. Studies of habitat quality are already assigned to specific types of vegeta-
tion. To capture changes, data collected in the first monitoring period is compared 
with data culled during subsequent study periods (Basic 2015).

The habitat monitoring systems discussed above represent only some of the solu-
tions applied in Europe. For more examples, see tab. 10.
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Table 10. List of selected monitoring schemes involving habitats in place in various  
European countries

Country Scheme/ 
project name Range Scope Responsible 

authority Source

Belgium
Ecological 

monitoring along 
the Belgian coast

Belgian coast coastal 
ecosystems

Instituut voor 
Natuur- en 

Bosonderzoek
https://www.inbo.be/

Belgium

The monitoring 
of Natura 2000 

habitats in 
Flanders

Flanders Natura 2000 
habitats

Instituut voor 
Natuur- en 

Bosonderzoek
https://www.inbo.be/

Belgium

Long-Term 
Ecosystem 

Research Network 
in Belgium

Flanders forests
Instituut voor 

Natuur- en 
Bosonderzoek

Cools et al. 2016; https://www.
inbo.be/

Belarus
Environmental 
Monitoring in 

Belarus
country-wide environment

Ministry of Natural 
Resources and 
Environmental 

Protection

http://www.minpriroda.gov.by/
en/envmonitorino g-en/

The Czech 
Republic Biomonitoring country-wide Natura 2000 

habitats
Agentura ochrany 

přírody a krajiny ČR http://www.biomonitoring.cz/

Latvia

Monitoring of 
habitats in Natura 

2000 areas in 
Latvia

country-wide Natura 2000 
habitats Latvijas Dabas fonds http://ldf.lv/en

Germany Habitat Directive 
monitoring country-wide Natura 2000 

habitats
Das Bundesamt für 

Naturschutz
http://www.bfn.de/0315_ffh_
richtlinie+M52087573ab0.html

Slovakia

Monitoring of 
plants and habitats 

of Community 
interest in the 

Slovak Republic

country-wide Natura 2000 
habitats

Štátna ochrana 
prírody SR http://www.biomonitoring.sk/

Switzerland
Monitoring of 
biodiversity in 

Swizerland
country-wide biodiversity

Office fédéral de 
l’environnement 

OFEV

http://www.
biodiversitymonitoring.ch

Switzerland
Monitoring of 

wetlands in 
Switzerland 

country-wide mires
Office fédéral de 
l’environnement 

OFEV
Grünig et al. 2004

Sweden Monitoring of 
terrestrial habitats country-wide terrestrial 

habitats
Sveriges 

lantbruksuniversitet

https://www.slu.se/en/
Collaborative-Centres-and-

Projects/moth/
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Ukraine -

protected 
areas of the 

Ukrainian 
part of the 

Eastern 
Carpathians

montane 
ecosystems

Ministry of 
Environmental 
Protection of 

Ukraine, domestic 
and foreign research 

institutes

Maryskevych 2010

Hungary
National 

Biodiversity 
Monitoring System

country-wide biodiversity

Ministry of Rural 
Development, 

Nature Conservation 
Department

http://www.termeszetvedelem.
hu/hbms

UK UK Environmental 
Change Network country-wide environment

Centre for Ecology 
and Hydrology,  

Lancaster 
Environment Centre

http://www.ecn.ac.uk/

Country Scheme/ 
project name Range Scope Responsible 

authority Source

Table 10. cont.
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1.3.2.  Monitoring of flora

Katarzyna Barańska

Each EU Member State is required to monitor populations of species and natu- 
ral habitats specified in Annexes to the Habitat Directive (Directive 1992).  
Article 17 of this Directive requires Member States to submit reports every six years.  
Wild-nature components, including components which require the most urgent  
action and are the most valuable for sustainable use, must also be monitored 
under the Convention on Biologial Diversity. National environmental monitoring 
schemes in individual European countries are governed by their national legislation.  
In Poland, environmental monitoring is governed by the Nature Conservation Act 
of 16 April 2004. 

Below are a number of examples of monitoring measures from selected European 
countries.

FINLAND AND ESTONIA

These two countries started to cooperate on nature conservation as early as in 
1991. Since then, they have jointly taken comprehensive measures involving  
research and the development of environmental protection strategies, as well as 
the monitoring of the individual components of the environment. 

In 1995 they launched a joint project called “Conservation, monitoring and man-
agement of threatened plants in Finland and in Estonia”. The project involved  
a number of measures to ensure comprehensive monitoring of threatened plants 
in Finland and Estonia. This monitoring is the responsibility of three institutions:  
The Finnish Environment Institute, Metsähallitus – the Finnish Administration of 
Forests and Parks, and the Institute of Environmental Protection at the The Estonian 
University of Life Sciences (formerly the Estonian Agricultural University). 

Monitoring in Estonia is carried out within the national Biodiversity Monitoring 
scheme, which launched in 1994. It includes 44 separate measures (including lichen 
monitoring, two types of bryophyte monitoring, two types of herbaceous plants). 

For the joint monitoring project, Estonia proposed the following groups of species:
▶  Extremely rare plant species, found only on 1–5 sites in the country, listed in 

the Red Book. Estonia has more than 60 such species. According to Estonians,  
all sites of these species should be monitored.
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▶  23 Category-I protected species (Estonia has three categories of protected spe-
cies – Category I relates to very rare species directly at risk of extinction). These 
should be monitored on at least three sites.

▶  Species listed in Annexes to the Habitat Directive (18 species).
▶  Species associated with ecotone/transient habitats or specific forms of use.
▶  Species which are indicators of specific habitats.

The aim of the monitoring is to provide information on the trend in the population 
size and variability, and trends in the habitat, and also to explain the relationship 
between changes in the population and the condition of the habitat and biology of 
each species (population structure, reproduction types, etc.).

Estonia uses two methods to monitor vascular plants: the plot monitoring method 
and status monitoring method. The former has been applied since Estonia began 
monitoring plants (i.e. in 1994), the latter came into use in 1999. The latter method 
is more useful when little time is available and provides information on more sites. 

The general principles of the plot monitoring method are as follows:
▶ The monitoring involves permanent observation plots.
▶  The size of the permanent observation plot depends on the species. 10 × 10 m – 

for herbaceous plants, 50 × 50 m or 10 × 250 m for bushes and trees.
▶  The shape of the plot depends on the shape of the population, vegetation cover, 

etc.
▶  For monitoring carried out once a year, the preferred time is the flowering  

period or the transition period between flowering and fruiting. In specific cases, 
monitoring has to be carried out twice over a year.

▶  Plots should be marked on site and on the map.
▶  For very rare and threatened species, monitoring should take place every year, 

or every two or three years. For orchids, annual and biennial plants, monitoring 
should take place in three consecutive years every three to five years. For other 
perennial plants, monitoring should take place every five or more years.

▶  Data for monitoring purposes are recorded on special forms, which also include 
information on the site, the habitat on the site and other species within the per-
manent observation plot. The form should provide the following information: 
land ownership, the name of the nearest locality, the commune or forest address, 
details to allow easier access (a description of the road, buildings, distinctive 
landscape features), vegetation type, accompanying plants (including an assess-
ment of the population size on a scale of five), other rare and protected species,  
water regime, soil and light conditions, a description of human impact, if any.
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▶  All specimens of the species under study should be counted within the perma-
nent observation plot. In some situations individual shoots are counted as well. 
If a species is very abundant (with hundreds and more specimens on the plot), 
specimens should be counted for several smaller plots of 5–10 m² located within 
the permanent observation plot.

▶  Mature, flowering specimens should be measured for height (in the case of mul-
tiple inflorescence sprouts per specimen, it is acceptable to measure all inflores-
cence sprouts or the tallest one only).

▶  The number of specimens at individual stages of development (juvenile, adult 
generative and vegetative) should be provided.

▶  The percentage cover of the bryophyte, lichen and herbaceous-plant layers 
should be specified. Tree and bush specimens should be counted. Their density 
and average height should be stated. 

▶  An assessment of the population size of the species under study should be pro-
vided on a scale of five.

▶  An assessment of the population viability should be provided on a scale of three 
(good, fair, poor).

▶  Symptoms of diseases, presence of pest, species destruction, if any, should be 
specified.

▶  Human impact on the site, if any, should be described. 

The key principles of status monitoring are as follows:
▶  This method is intended for less threatened species.
▶  It is used to estimate the area, overall situation and threats to the population of 

the species under study.
▶  The ratio of generative specimens to vegetative specimens is estimated.
▶  Data collected during the monitoring is entered into a dedicated form.

The monitoring is based on an UTM grid. Each site and permanent observation 
plot should be marked on a 1: 10,000 map. The range of the population should be 
marked on the map. If necessary, the range of the population may be marked on 
more detailed maps (may be as detailed as 1:100 for herbaceous plants). It is also 
essential to specify geographical coordinates. 

Between 1994 and 2003 monitoring in Estonia included 153 species (tab. 11) and 
603 monitoring plots. A total of 110 species in over 216 locations were monitored 
using the plot monitoring method. The number and location of these plots varied 
(two permanent observation plots were destroyed every year, necessitating the 
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designation of new plots). A total of 20 botanists with field expertise carried out the 
monitoring, and the project was funded by the government. The status monitoring 
involved 112 species (some of them were monitored using both methods) in 387 
locations.

Table 11. Species included in the monitoring of vascular plants in Estonia  
(Ryttäri et al. 2003). *Arabic numerals – red-list category, Roman numerals – conservation 
category in Estonia, B – the Berne Convention, N – the Habitat Directive

Species Conservation 
status*

Number  
of monitored 

plots

Number of plots 
monitored using the plot 

monitoring method

Number of plots 
monitored using the status 

monitoring method

1. Aconitum 
lasiostomum 1, I 1 3

2. Agrimonia pilosa III, N 2 1, 1 5

3. Agrostemma githago 1 1

4. Ajuga pyramidalis 2, I 2 4, 3

5. Ajuga reptans 1, II 1 2 1

6. Allium vineale 3, II 2 2, 1 1

7. Alyssum gmelinii 3, II 1 2

8. x Ammocalamagrostis 
baltica 3 1

9. Anacamptis 
pyramidalis 2, II 2 5, 3 4

10. Angelica palustris 4, III, B, N 1 1 3

11. Arctium nemorosum 1 1 3

12. Arenaria procera 2, II 3 2, 2, 1

13. Artemisia maritima 3, II 1

14. Asplenium ruta-
muraria 2, II 2 2, 3 6

15. Asplenium 
septentrionale 3, I 1 5

16. Asplenium 
trichomanes 3, II 2 2, 1 10

17. Astragalus arenarius 2, II 1 4

18. Botrychium 
matricariifolium 1, I, B 2 4, 3 1

19. Botrychium 
multifidum 1, II, B 1 1 3

20. Botrychium 
virginianum 5 2

21. Bromus benekenii 3, II 1 2 3

22. Bupleurum 
tenuissimum 3, II 1
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23. Cardamine hirsuta 3, II 3

24. Carex extensa 4, II 3

25. Carex glareosa 3, II 1

26. Carex mackenziei 3, II 2 1, 1

27. Carex rhizina 2, I 3 3, 3, 1

28. Centunculus 
minimus 3 1

29. Cephalanthera 
longifolia 3, II 3 5, 5, 5 2

30. Cephalanthera rubra 3, II 3 4, 4, 5 2

31. Cerastium alpinum 1, I 1 9

32. Cerastium pumilum 3, II 1 3

33. Cinna latifolia 3, II, N 1 1

34. Cladium mariscus 4, II 5

35. Cochlearia danica 3, II 1 4

36. Coeloglossum viride 1, II 3 7, 3, 5 3

37. Colchicum 
autumnale III 4

38. Corallorhiza trifida 3, II 2

39. Corydalis intermedia 3, II 1 2 2

40. Crepis mollis 2, II 1 1

41. Cruciata glabra 2, II 1 2 1

42. Cruciata laevipes 3 1

43. Cypripedium 
calceolus 4, II, B, N 6 3, 5, 4, 2, 5, 6 8

44. Cystopteris sudetica 3, I 1 3

45. Dactylorhiza baltica 4, II 3 3, 3, 3 13

46. Dactylorhiza cruenta 3, II 3 4, 3, 3 3

47. Dactylorhiza fuchsii III 2

48. Dactylorhiza 
incarnata III 1 3 3

49. Dactylorhiza 
maculata III 1

50. Dactylorhiza 
praetermissa 1, I 1 5

51. Dactylorhiza 
russowii 4, II 1 3 10

52. Dactylorhiza ruthei 1, I 1 9

Species Conservation 
status*

Number  
of monitored 

plots

Number of plots 
monitored using the plot 

monitoring method

Number of plots 
monitored using the status 

monitoring method

Table 11. cont.
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53. Dactylorhiza 
sambucina 1, I 1 9 1

54. Dianthus arenarius III, N 2 1, 1 7

55. Dianthus superbus 4, II 6

56. Draba muralis 3, II 2 3, 2

57. Dracocephalum 
ruyschiana 3, II, B 4

58. Epipactis atrorubens III 1 2 3

59. Epipactis helleborine III 1 3 11

60. Epipactis palustris III 1 3 4

61. Epipogium aphyllum 1, I, 2 7, 9 1

62. Equisetum scirpoides 1, II 1 1

63. Equisetum 
trachyodon 3, I 1 3

64. Equisetum x moorei 2, II 3 2, 1, 1

65. Eryngium 
maritimum 3, II 3 2, 2, 2 8

66. Festuca altissima 3, II 1 2 1

67. Geranium 
columbinum 0 2

68. Geranium lucidum 3, II 1

69. Gladiolus imbricatus 4, III 2 2, 2 4

70. Goodyera repens III 2

71. Gymnadenia 
conopsea III 3

72. Gymnadenia 
odoratissima 3, II 3 5, 5, 5 2

73. Gymnocarpium 
robertianum 4, II 2 1, 1, 2 12

74. Halimione 
pedunculata 3, II 2 1, 4 1

75. Hammarbya 
paludosa 3, II 1 3 3

76. Hedera helix 3, II 3 2, 2, 2 1

77. Helichrysum 
arenarium 4, II 2 2, 2 6

78. Herminium 
monorchis 4, II 13

79. Holcus mollis 5, II 1

Table 11. cont.

Species Conservation 
status*

Number  
of monitored 

plots

Number of plots 
monitored using the plot 

monitoring method

Number of plots 
monitored using the status 

monitoring method
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80. Hornungia petraea 3, II 1 3

81. Huperzia selago III 3

82. Hydrocotyle vulgaris 3, II 5

83. Hypericum 
montanum 3, II 2 1, 1 3

84. Iris sibirica 4, III 4

85. Jovibarba globifera 4, III 2 2, 2 2

86. Juncus squarrosus 1, II 3 2, 2, 3

87. Lathyrus niger 3, II 1

88. Lepidium latifolium 4 1

89. Ligularia sibirica 2, I, B, N 5 7, 3, 5, 4, 4 3

90. Liparis loeselii 3, II, B, N 3 5, 5, 5 20

91. Listera cordata 4, II 3 5, 5, 5 6

92. Listera ovata III 1

93. Littorella uniflora 2, I 2 3, 1 (1)

94. Lunaria rediviva 4, III 3

95. Lycopodiella 
inundata 2, II 1 2 3

96. Malaxis 
monophyllos 3, II 3 4, 5, 3 3

97. Moehringia 
lateriflora 1, II, N 1 2

98. Mulgedium 
sibiricum 3, II 1 2 2

99. Neottia nidus-avis III 3

100. Nuphar pumila 2, II 2

101. Onobrychis 
arenaria 3, II 2 2, 2 1

102. Ophrys insectifera 4, II 3 4, 5, 1 7

103. Orchis mascula 4, II 4 3, 5, 5, 5 1

104. Orchis militaris 4, III 1

105. Orchis morio 3, II 3 5, 5, 5

106. Orchis ustulata 4, II 5 4, 6, 7, 5, 1 5

107. Orobanche 
bartlingii 4 1 3

108. Orobanche 
pallidiflora 4 1 2

Table 11. cont.
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Number  
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monitored using the plot 

monitoring method

Number of plots 
monitored using the status 

monitoring method
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109. Oxytropis sordida 3, I 1 3

110. Oxytropis pilosa 3, II 3 2, 2, 2 5

111. Peucedanum 
oreoselinum 1, II 2 2, 3 3

112. Pinguicula alpina 3, II 2 2, 1

113. Platanthera 
chlorantha III 2

114. Pleurospermum 
austriacum 3, II 2 1, 1 1

115. Poa alpina 3, II 2 1, 1 3

116. Polygonum 
oxyspermum 3, II 1 4

117. Polystichum braunii 3, I 1 1

118. Polystichum 
lonchitis 1, I 2 4, 2

119. Pulmonaria 
angustifolia 1, I 2 9, 6

120. Pulsatilla patens 4, III, B, N 5 2, 2, 2, 3, 2 8

121. Pulsatilla pratensis III 15

122. Radiola linoides  2, I 
1 8

123. Ranunculus 
lanuginosus

 3, II 
2 2.2 1

124. Ranunculus 
nemorosus

 3, II 
1 2

125. Rhinanthus 
osiliensis

 3, II, N 
2 5, 5 10

126. Rhynchospora 
fusca 3, II 3

127. Rubus arcticus 1, II 3 2, 2, 2

128. Sagina maritima 3, II 1 4

129. Saussurea 
esthonica 4, II, N 3 2, 2, 2 4

130. Saxifraga 
adscendens 2, II 2 2, 2 1

131. Saxifraga hirculus 2, II, B, N 3 1, 2, 2 5

132. Scabiosa 
columbaria 3, II 3 2, 1 1

133. Schoenus nigricans 3, II 1

134. Selaginella 
selaginoides 3, II 3 2, 2, 2 3

Table 11. cont.
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135. Serratula tinctoria 4, II 3 2, 1, 1 1

136. Silene chlorantha 2, II 3 2, 2, 1 1

137. Sisymbrium 
supinum 4, III, B, N 1 2 4

138. Sorbus rupicola 2, II 1

139. Suaeda maritima 4, II 2 3, 3 4

140. Swertia perennis 2, I 3 3, 3, 3 2

141. Taxus baccata 4, II 5

142. Thesium 
bracteatum 2, III, B, N 1 2

143. Thlaspi 
caerulescens 1, II 2 2

144. Trifolium alpestre 3, II 1

145. Trifolium 
campestre 3, II 3

146. Trisetum sibiricum 1, II 1 2

147. Veronica dillenii 5 1

148. Vicia cassubica 4, II 2

149. Vicia lathyroides 3, II 1 5

150. Vicia tenuifolia 3, II 2 1, 1 1

151. Vincetoxicum 
hirundinaria 3, II 2 1, 2 1

152. Viola elatior 3, II 3 2, 2, 1 2

153. Viola selkirkii 1, II 1 2

The body responsible for the environmental monitoring in Finland is the Ministry 
of the Environment. It works closely in collaboration with several other state and 
scientific institutions. Monitoring of vascular plants in Finland was launched at the 
beginning of the eighties, soon to produce its first result – the Finnish Vascular Plant 
Red Data Book. In 1996, the Finnish Ministry of the Environment established the 
National Biodiversity Committee, which was to draw up the National Action Plan for 
Biodiversity in Finland a year later. This plan envisaged a comprehensive biodiver-
sity monitoring throughout the territory of the country. 

It was estimated that there are 301 species in Finland which require to be moni-
tored (including 180 plant species at risk of extinction, 93 vulnerable species,  
30 species listed in the annexes of the Habitats Directive and dozens of high-value 
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species at a lower category of threat). The largest emphasis is placed on the spe-
cies entered into the annexes to the Habitats Directive. 15 of them are present in 
Finland in the amount of a minimum of 15% of their total population. These species 
are listed in tab. 12.

Table 12. Species protected under the Habitats Directive, present in Finland  
(Ryttäri et al. 2003)

Species Threat criteria

Agrimonia pilosa Ledeb. EN

Alisma wahlenbergii (Holmb.) Juz. VU

Pulsatilla patens (L.) Mill. EN

Arctagrostis latifolia (R. Br.) Griseb. VU

Arctophila fulva (Trin.) Andersson var. pendulina (Laest.) Holmb. CR

Arenaria pseudofrigida (Ostenf. & O.C. Dahl) Juz. ex Schischk. & Knorring NT

Artemisia campestris L. ssp. bottnica Lundstr. ex Kindb. CR

Botrychium simplex E. Hitchc. EN

Calypso bulbosa (L.) Oakes VU

Carex holostoma Drejer NT

Cinna latifolia (Trevir.) Griseb. NT

Crepis tectorum L.; incl. C. czerepanovii Tzvelev ssp. nigrescens (Pohle) Á. Löve & D. Löve CR

Cypripedium calceolus L. VU

Diplazium sibiricum (Turcz. ex Kunze) Kurata LC

Draba cinerea Adams NT

Dryopteris fragrans (L.) Schott NT

Hippuris tetraphylla L. f. EN

Liparis loeselii (L.) Rich. EN

Moehringia lateriflora (L.) Fenzl VU

Najas flexilis (Willd.) Rostk. & W. L. E. Schmidt EN

Najas tenuissima (A. Braun) Magnus EN

Persicaria foliosa (H. Lindb.) Kitag. NT

Primula nutans Georgi var. jokelae L. Mäkinen & Y. Mäkinen EN

Puccinellia phryganodes (Trin.) Scribn. & Merr. EN

Ranunculus lapponicus L. LC

Saxifraga hirculus L. VU

Silene furcata Raf. ssp. angustiflora (Rupr.) Walters CR

Sorbus teodori Liljef. CR

Trisetum subalpestre (Hartm.) Neuman NT

Viola rupestris F. W. Schmidt ssp. relicta Jalas VU
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DENMARK

As it was mentioned earlier, each Member State of the European Union is obliged 
to monitor the environmental status on its premises and to report to the Euro-
pean Commission on the condition of individual components of that status. Among  
a number of other objectives, Denmark pursues this one within the NOVANA pro-
gramme (National Monitoring and Assessment Programme form the Aquatic and 
Terrestial Environments). A detailed description of the programme, containing 
its legal grounds, a description of the individual sub-programmes, as well as the 
methodology of data storage and processing, have been described in the literature 
(Svedsen, Norup 2005; Svedsen et al. 2005). 

The monitoring activities were initiated in 2004, one of them being the monitoring 
of species, aimed to: 
▶ describe various factors and their impact (including the impact of pollution on 

the status and trends in the populations selected for species monitoring; 
▶ assess the operation of the national programmes for the protection of individual 

species and the degree of implementation of their objectives; 
▶ meet Denmark’s obligations in relation to EU legislation as to the environmental 

monitoring in the country; 
▶ support scientific research, collect and contribute the data for various protec-

tion and action plans, support the activities of institutions responsible for nature 
protection in the country etc.

It encompasses 170 various plant and animal species and consists of the following: 
▶ monitoring of the conservation status and population trends of the plant and 

animal species listed in the Annexes II and IV of the Habitats Directive; 
▶ monitoring of selected plant and animal species not covered by the Habitats 

Directive, but of high value at the national level and 
▶ preparing red lists of plants and animals species. 

The plant species listed in Annex II of the Habitats Directive which are monitored in 
Denmark are presented in tab. 13.

The most important anthropogenic factors affecting the monitored species include 
the following: habitat eutrophication, overgrowing of open habitats due to a change 
in land use, drainage and irrigation, and fragmentation of habitats.

The starting point for the monitoring was an atlas encompassing ca. 800 species of 
plants and animals, providing the location of the species in a 10 × 10 km grid.



120 121

Table 13. Plant species listed in Annex II of the Habitats Directive, monitored in Denmark 
(Svedsen et al., 2005)

Species
Number of Natura 2000 areas created for the species

in 1998 in 2002

Fen orchid Liparis loeselii 9 11

Yellow Marsh Saxifrage Saxifraga hirculus 5 7

Floating water-plantain Luronium natans 4 6

Varnished Hook-moss Hamatocaulis vernicosus 4 5

Green Shield-moss Buxbaumia viridis 2 2

Little grapefern Botrychium simplex 1 1

Lady’s Slipper Orchid Cypripedium calceolus 1 1

Nodding waternymph Najas flexilis 1 1

Orthotrichum rogeri 1 (1)

Dichelyma uncinatum 0 0

broad-nerved hump-moss Meesia uliginosa 0 0

Monitoring of the species is divided into three sub-categories:
▶  Intensive monitoring. The object of monitoring is the population size of par-

ticular species. The method is contingent on the species surveyed. It frequently 
involves simple counts of specimens (e.g. in the case of Lady’s Slipper Orchid 
and Fen orchid) In the case of numerous populations or species with a secretive 
lifestyle, transects are employed or catches are performed. This type of spe-
cies monitoring also entails the general characteristics of the species habitat 
(such information is partially supplemented by data collected from monitoring 
of habitats, water quality monitoring or other sorts of environmental monitoring  
carried out within the NOVANA programme). Intensive monitoring is carried out 
on a yearly basis. This type of monitoring is performed e.g. for species, within 
a refuge in which this species is protected and for which this refuge was estab-
lished. It is also conducted if the population is extremely small and the speci-
mens are easy to count (e.g. Lady’s Slipper Orchid may be found only in two sites 
in Denmark).

▶  Extensive monitoring. The subject of this monitoring is to investigate the range 
of the species, which constitutes a species status indicator as designated by the 
Habitats Directive. The main purpose of the monitoring is to indicate whether  
the range of the given species in Denmark decreases, increases, or remains  



120 121

stable. It is to be conducted every 6 years. Such monitoring is dedicated to the 
species at a lower category of threat, which do not necessitate intensive moni-
toring. Is it also conducted if it is impossible to count specimens of a given spe-
cies (e.g. certain insects or snails).

▶  Effect monitoring. It aims to examine the impact of specific environment man-
agement measures on the populations of species by monitoring selected popula-
tions of species and simultaneous logging the factors present in the surrounding 
environment. This type of monitoring is carried out annually, often accompanied 
by implemented protection programs or activities. 

IRELAND

In 2016, Ireland launched a pilot monitoring project within the Citizen Science 
Plant Monitoring Scheme. Operated by National Biodiversity Data Centre, it aims to  
create an additional source of information on the state of the habitats and popula-
tions of plant species, as well as to support the procedure of updating the Irish Red 
List of species at a fairly low cost. In 2016, the project was financially supported 
by the National Parks & Wildlife Service fund. The work of the coordinator was 
only partly subsidised (3 days a week, from March to August 2016), whereas the  
remaining work was performed by volunteers.

The plant monitoring pilot project conducted in 2016 encompassed a single habitat, 
i.e. semi-natural swards. With the data provided by the National Parks & Wildlife 
Service, 1092 grassland sites were designated for the volunteers to monitor. They 
were asked to mark out a 2 × 2 m plot and record all plant species found within 
this small area (fig. 29). Volunteers were recruited from an existing network of  
local naturalists and botanists, voluntarily cooperating with The National Biodiver-
sity Data Centre. This allowed to collect large quantities of high quality data with 
low effort and investment. The methodology may be easily reused, whereas the 
data collected in this way may allow to identify important trends in the populations 
of particular species, as well as auxiliary habitat trends. The objective of the project 
is to annually add more species and habitats which could be monitored this way.  
According to the assumptions of the National Biodiversity Data Centre, such sur-
veys could be conducted in 10-year cycles (i.e. to return to sward monitoring after  
5–10 years). Monitoring deliberately covers only one habitat per year, since it  
allows to fully utilise the limited resources of volunteer botanists in Ireland. 

Such social monitoring would perfectly complement professional biodiversity moni-
toring carried out by the National Parks & Wildlife Service. As a result, a larger area 
may be covered by monitoring programmes, also including objects of lower protec-
tion ranks.  
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Preliminary work was conducted between March and May 2016. Volunteers  
collected data in the field from June to August. The authors of the project selected 
65 priority sites out of 1092 grassland sites, where monitoring was deemed neces-
sary. Furthermore, 350 additional sites were marked out (from the same pool of 
1092 grassland sites). Both priority and additional sites contained one grassland 
type. To facilitate the work of volunteers, objects encompassing a habitat mosaic 
were excluded from the monitoring. In addition, the authors of the project directed 
the volunteers to potential locations for monitoring areas. Volunteers also had the 
possibility to suggest their own elected sites. A simple online system was created 
to manage the scheme and submit data, available upon signing up for the project. 
Volunteers were also provided with two educational workshops and a methodical 
guide.

The authors assumed that 50 objects in total would be covered in 2016 (out of 
all 415 designated priority and additional areas). 176 volunteers signed up for the 
project. 107 monitoring areas were established. Volunteers submitted records from 
74 square plots, 65 of which were of satisfactory quality. Out of 65 priority sites, 
only 18 objects were selected. 21 additional sites were monitored. The volunteers 
themselves proposed 35 new monitoring sites. The location of the area monitored 
in 2016 is presented in fig. 30. 

Fig. 29. Example of a  2 × 2 m monitoring area in the field (Plant 2016)
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The pilot monitoring project has provided valuable information on the work of vol-
unteers. A little over 40% of the 176 volunteers who had signed up for the monitor-
ing ultimately did carry out their work and submitted the information. Only 53% of 
volunteers agreed to conduct the monitoring at a designated location (priority or 
additional sites). Others preferred to elect their own site to study. Approximately 
15% of the data were of low quality and therefore unfit for use. Upon analysing the 
data collected by the volunteers, it was possible to identify an optimum time for the 
surveying. The majority of species identification problems (mainly grass and sedge 
species) manifested themselves in August, after many of the species had stopped 
flowering and dispersed seeds. The month of the highest species recognition ac-
curacy was May, which influenced the decision to organise the monitoring activities 
a month earlier than it had been initially planned (May–July instead of June–August). 

The authors of the project distributed a poll among volunteers who had signed up, 
asking them a few simple questions concerning their work in the project. Up to 
80% of volunteers claimed they required training workshops before they begin the 
social monitoring. Most problematic issues for the volunteers included: estimat-
ing the percentage cover of individual species present in the plot, identification of  
grasses and sedges, location of the monitoring areas, acquisition of owners’ permits to  
access the site, use of the online system to submit the data. All volunteers claimed 

Fig. 30. The location of the monitoring area covered by the pilot social monitoring programme in Ireland 
(Citizen 2016)
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to have the skills for recognising flower plants, 96% of them declared such skills 
for grass species, 61% for sedge species, and just one person claimed to be able to 
recognise bryophytes and lichens.

SLOVAKIA

A detailed monitoring scheme of habitats and species listed in the annexes to the 
Habitats Directive is conducted in Slovakia as well. Permanent monitoring areas 
have been designated for each species and habitat by the means GIS programmes, 
under consideration of the following criteria:
▶ The surface of the site shall vary between 0.5 ha and 70 ha.
▶ The monitored habitat shall dominate the entire permanent monitoring area.
▶ The area shall be divided into bio-geographical regions (the Alpine and the  

Pannonian region).
▶ The area of species occurrence or habitat shall be covered evenly (in order to 

avoid empty spaces or points of excessive concentration in the distribution of 
permanent monitoring areas).

▶ Permanent monitoring areas shall cover sites of various conservation status 
(from reference sites to degraded areas)

▶ In the case of extremely rare habitats and species, all known sites should be 
subjected to monitoring.

The latest report of the status of habitats and species has been prepared on the 
basis of the monitoring period between winter 2013 and autumn 2015. 152 per-
sons working in the field participated in the monitoring scheme. There are two 
bodies responsible for monitoring individual species and habitats, and namely the  
National Agency for Nature Protection in Slovakia (Śtátna Protection Prírody  
Slovenskej Republiky) and DAPHNE – Institute of Applied Ecology. Every taxon was 
assigned a leader responsible for coordinating the field work, checking the sub- 
mitted data, informing and communicating tips on research methodology, as well 
as contacting the bodies responsible for the monitoring scheme. In total, 7800  
locations of species and protected habitats were monitored over 2 years.

The monitoring also involved assessment of the conservation status of the species 
population in accordance with a generally accepted methodology, i.e. evaluation 
of the population status parameter, species habitat status, and species protection 
prospects on a three-point scale (FV, U1, U2).

49 plant species listed in the annexes of the Habitats Directive (9 bryophytes,  
40 vascular plant) were surveyed in over 900 sites. 
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From the monitoring conducted in the years 2013–2015, it can be observed that 
43.6% of the plant species sites monitored are in satisfactory condition, 30.4% lack 
satisfactory condition, and 26% are in bad condition.

The results of the Slovak monitoring of species and habitats listed in the annexes 
of the Habitats Directive can be accessed and viewed at www .biomonitoring.sk.  
For each species, there is a map available, presenting the monitoring areas, descrip-
tion of the species, its status in general and in particular areas (fig. 31, fig. 32). 

Fig. 31. An example of a map showing the location of the monitoring areas for Echium russicum in Slovakia
(http://www.biomonitoring.sk)

Fig. 32. An example of a detailed map of a single constant monitoring area (http://www.biomonitoring.sk)
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1.3.3.  Fauna monitoring

Katarzyna Barańska

It is through animal species monitoring that it is possible to gain data on the sta-
tus of their population, as well as the directions and dynamics of changes in their 
populations at regional, national and European levels. Without reliable monitoring, 
any attempts to plan and conduct appropriate safeguard measures or implement 
nature-friendly economic technologies may prove problematic. The global Con-
vention on Biological Diversity, signed in 1992 in Rio de Janeiro by 196 countries, 
which highlights the need to conduct ongoing environmental monitoring, proves 
the importance of such activities. The European Union also imposed an obligation 
to monitor environmental status on its Member States – every 6 years, each mem-
ber of the Community is to prepare a report on the status of and prospects for the 
protection of plant and animal species, as well as natural habitats located within its 
territory. The data from the reports are then used to prepare indicators of biodiver-
sity in Europe – SEBI (Streamlining European Biodiversity Indicators). 

It is essential to monitor species or groups of species which are susceptible to the 
changes in the environment, as they prove to be excellent indicators of the condi-
tion of habitats and natural environment. Such groups of species include butterflies 
and birds. Monitoring of those groups enables the researchers to determine not 
only changes in the population, but also general trends in the habitats, as well as 
the impact of climate change and of protective actions conducted etc. Below are  
a few examples of such monitoring activities performed in groups of the abovemen-
tioned animals in different European countries. 

Through the use of similar methods of monitoring in many European countries, 
it was already in the 1990s that common European indicators of butterfly diver-
sity were developed. Some of these indicators were developed and published on 
the website of the European Environment Agency in the “Publications” tab, e.g.: 
European Grassland Butterfly Indicator: 1990–2011 (Van Swaay 2013). This study 
was based on the results of the national Butterfly Monitoring Schemes (BMS) in 18 
Member States: Andorra, Belgium, Estonia, Finland, France, Germany, Ireland, Lith-
uania, Luxembourg, the Netherlands, Portugal, Russia (Bryansk Oblast), Slovenia, 
Spain, Sweden, Switzerland, Ukraine and the United Kingdom, as well as the Crown 
dependency of Jersey (fig. 33). It covered 17 species, providing a summary of the 
research conducted over the last 22 years. The development of a uniform system 
of biological diversity monitoring in Europe stems from the Biodiversity Strategy 
adopted by the European Commission in 2011. The most crucial of 6 main targets is 
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halting the loss of biodiversity and the degradation of ecosystem services in the EU 
by 2020. Monitoring constitutes one of the tools allowing to assess whether the ac-
tions implemented are effective. For the moment, only butterflies and birds are cov-
ered by such a detailed monitoring scheme, uniform for most European countries.

In total, more than 3500 transects have been deployed in the abovementioned 
countries, where butterflies are counted in accordance with standard, well-estab-
lished methods on a yearly basis. The 17 selected species are widespread butter-
flies, covering most or all of Europe (Large Skipper Ochlodes sylvanus, Small Heath 
Coenonympha pamphilus, Meadow Brown Maniola jurtina, Wall Brown Lasiom-
mata megera, Common Blue Polyommatus icarus, Small Copper Lycaena phlaeas, 
Orange-tip Anthocharis cardamines) or recognized as typical of grasslands (Marsh 
Fritillary Euphydryas aurinia, Lulworth Skipper Thymelicus acteon, Chalkhill Blue 
Polyommatus coridon, Adonis Blue Polyommatus bellargus, Mazarine Blue Cyaniris 
semiargus, Dusky Large Blue Phengaris nausithous, Large Blue Phengaris arion, 
Small Blue Cupido minimus, Red Underwing Skipper Spialia sertorius, and Dingy 
Skipper Erynnis tages).

In Great Britain, the implementation of the national Butterfly Monitoring Scheme 
was launched in 1976, setting the groundwork for each country to join the scheme 
and carry it out on its premises.

The British method, developed by Pollard, entails regular butterfly counts per-
formed along defined transects, usually 3 km long and 5 m wide (Pollard, Yates 
1993). A transect is divided into smaller sections, covering homogeneous fragments 
of habitats. The surveyor records the butterflies spotted in the area before him or 
her, marked out with a 5 m cube (fig. 35). Depending on the region, counts are 
usually performed between April/May and September/October. The number of 
visits during the year in particular countries varies from 3–5 to 30 per transect.  
It is recommended to select transects on the basis of a fixed grid of monitoring 
areas. In certain countries (e.g. United Kingdom, Netherlands, parts of Germany), 
transects are located in areas selected subjectively. Most often these are high-value 
natural habitats with significantly diverse butterfly species composition. This type 
of method promotes regions which are protected and of high natural value, yet at 
the expense of agricultural or built-up areas. This means that the data collected this 
way are not representative for the entire country. 

What is more efficient for certain species of butterflies is to count larvae and eggs 
rather than adult specimens. For this purpose, special areas are determined within 
the relevant habitats where it is possible to count all larvae and eggs of a given spe-
cies within 30–60 minutes.
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Methodological details are available in a guide published in 2012 by the Dutch So- 
ciety for the protection of butterflies De Vlinderstichting, a British butterfly protec-
tion organisation Butterfly Conservation UK, and a pan-European organization for 
butterfly protection in Europe Butterfly Conservation Europe (Van Swaay et al. 2012).

Global guidelines for executing a national Butterfly Monitoring Scheme are con-
tained in the BMS guide (cf. Van Swaay et al. 2015).

Tab. 14 presents a summary of the main butterfly monitoring data collected in  
19 countries which contributed to the European Grassland Butterfly Indicator in the 
years 1990–2011.

Fig. 33. 19 countries (green) which contributed data for the European Grassland Butterfly Indicator: 1990-2011. 
Blue colour indicates countries or regions intending to participate in the development of the indicator.  
(Swaay 2013)
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Table 14. Basic information on the national Butterfly Monitoring Schemes conducted  
in 19 countries which contributed to the European Grassland Butterfly Indicator in the years  
1990–2011 (Swaay 2013)
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Andorra 2004 k 1.5 6 20–30 w free yes no

Belgium 1991 r 0.8 10 15–20 w free no no

Estonia 2004 k 1.8 11 7 p decision of 
coordinator no no

Finland 1999 k 3 65–67 ~11
w 

~70%, 
p ~30%

free, decision 
of volunteers yes no

France 2005 k 1 611–723 4.4 
(1–15) w 50% – free, 

50% – random yes no

France 
(Doubs) 2001–2004 r 1 0 10–15 p decision of 

coordinator yes no

Germany 2005 k 0.5 400 15–20 w free yes yes

Germany 
(Nordrhein- 
-Westfalen)

2001 r 1 0 15–20 w free no yes

Germany 
(Pfalz – only: 
Phengaris 
nausithous)

1989 r 0.5 50–87 1 p decision of 
coordinator yes no

Ireland 2007 k 1.5 190 16.3 w free yes no

Lithuania 2009 k 1.3 14 6–9 w free no no

Luxembourg 2010 k 0.34 30 8.2 
(3–11)

w 
~10%, 

p ~90%
Random yes no

Norway 2009 r 1 9–18 3
w 

~42%, 
p ~58%

grid yes no

Portugal 1998–2006 k 1 0 3–5 w free no no

Russia 
(Bryansk 
Oblast)

2009 r 1.2 2–14 3–5
w 

~90%, 
p ~10%

free yes no
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Slovenia 2007 k 1.3 9–14 6.25–
7.53 w decision of 

coordinator yes no

Spain 
(Catalonia) 1994 r 1 60–70 30 w free yes no

Sweden 2010 k 0.65 90 4 w free yes no

Switzerland 2003 k 2 × 2.5 90–95

7 (4 
in the 
Alpine 
region)

p grid yes no

Switzerland 
(Aargau) 1998 r 2 × 0.25 101–107 10 p grid yes no

Netherlands 1990 k 0.7 430 17 
(15–20) w free yes no

Ukraine 
(Carpathians 
and 
neighbouring 
lands)

1990 r 1 158 5 
(2–10) p free yes yes

Jersey 
(United 
Kingdom)

2004 k 1 0 15–25 w free yes no

UK 1973 (1976) k 2.7 819–977 19 w free yes yes

The UK Butterfly Monitoring Scheme (UKBMS) was formed by a merger of the long- 
-running Butterfly Monitoring Scheme (BMS) (established by the Centre for Ecology 
and Hydrology in 1976) with Butterfly Conservation’s co-ordination of “independ-
ent” transects.

The UKBMS was launched in 2006. It involved collaboration of several institutions 
and organisations, such as: Butterfly Conservation, Centre for Ecology and Hydrology, 
British Trust for Ornithology, Joint Nature Conservation Committee, Forestry Com-
mission, Natural England, Natural Resources Wales, Northern Ireland Environment  

Table 14. cont.
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Agency, Scottish Natural Heritage. The mission of this monitoring is to assess the 
status and trends of UK butterfly populations for conservation, research and quality 
of life.

Data collection is largely based on volunteer fieldwork, but to perform necessary 
calculations and interpret the indices is the task of CEH and Butterfly Conservation. 
At the same time, monitoring is funded by the organisation’s consortium managed 
by Joint Nature Conservation Committee.

Monitoring is performed every year in the whole country, on the basis of a grid of 
1 km squares. It encompasses 71 butterfly species and nearly 4000 locations with 
designated transects. In 2015, 2,500 sites were monitored. The number of sites for 
particular species varies from 5 to several hundred and changes in individual years. 
The scheme comprises 3 key actions:

▶  Weekly fixed-route counts of specimens of all species occurring on transects, 
called “Pollard Walks” or “Pollard Transects” between April and September each 
year. Transects are typically about 2–4 km long, taking between 45 minutes and 
two hours to walk. They are divided into sections corresponding to different habitat  
or management units (fig. 34). Ideally, 26 counts are to be performed from the 
beginning of April until the end of September (on average one count per week). 

Fig. 34. An example of a transect divided into 11 sections, depending on the habitat diversity (Swaay et al. 2012)
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Transect walks are undertaken between 10.45 am and 3.45 pm and only when 
weather conditions are suitable for butterfly activity. Transects are not walked 
in windy or rainy weather, or when the temperature falls below 13°C. Between 
13°C and 17°C, a transect may be walked providing there is at least 60% sun.  
At higher temperatures, observations may be held in any weather conditions 
with the exception of rain or strong wind.

▶  Single species surveys – in the case of species bound to specific habitats or 
rare species. Similarly to the previous method, this one entails weekly transect 
counts of specimens in good weather conditions. It focuses, however, on a single  
selected species considered rare, for which Pollard’s method could prove  
insufficient. In addition to counting all encountered specimens, this method 
may also include additional components, such as counting adult individual in  
a specific time interval, or counting eggs and larvae of particular species.  
This type of observations may be carried out daily at a given time, or during one 
day if weather permits.

▶  Wider Countryside Butterfly Survey (WCBS), launched in 2009, was intended 
to improve data on the national population status of widespread butterflies 
across the countryside as a whole and fill the information gap as to the condi-
tion of butterfly population. The knowledge was not complete due to the prac-
tice of observing butterflies primarily in well preserved locations and habitats 
rich in various species. In order to avoid surveying only well-preserved sites, the 
WCBS counts are performed in random monitoring points based on the monitor-
ing grid developed for the Breeding Bird Survey (monitoring of birds conducted 
by the British Trust for Ornithology). Counts take place throughout the entire 
territory of the country, on two parallel 1 km long transects subdivided into 10 
sections, located within randomly selected 1 km squares throughout the UK. 
Butterflies are counted using the Pollard Walk method described above. Count 
sites, however, are selected at random. Only 2–4 visits are required for WCBS 
squares with a minimum of 2 visits between April and September.

The datasets gathered within UKBMS may be widely used, e.g. for the purpose of 
determining the location of protective actions, defining biological diversity indi-
ces, or assessing of the size and status of habitats. In addition, they are used to  
select landscape monitoring sites and as the data source for numerous studies. 
More information is available at: www.ukbms.org. 

In 1999 Finnish Institute of Environmental Protection (Suomen ympäristökeskus) 
initiated the development of a butterfly monitoring grid in Finland. By 2014, it com-
prised 58 modules. They were mostly located in the southern part of the country, 
which is why the data gathered are not representative for the entire country.
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In Finland, similarly to the procedures in the United Kingdom, counts include all 
butterflies observed in the area of 5 × 5 m in front of the surveyor on the transect.  
The minimum number of counts each year is seven transect walks between the end 
of May and the end of August. It is recommended to count butterflies once a week. 
In practice, weekly counts encompass only a half of a transect. What is worth noting 
is that the butterfly observation period in Finland is approximately 16 weeks long, 
while in the northernmost regions it lasts less than 10 weeks.

Between 1999 and 2014, butterflies were monitored on 98 transects in total.  
The number of transects surveyed annually varied between 30 and 60. Overall,  
throughout the entire duration of the monitoring, surveyors noted 89 diurnal  
butterfly species and 824 804 specimens thereof, as well as 334 moth species and 
149 887 moth specimens. The information gathered then served as a basis for  
calculating population trends in 51 butterflies occurring in Finland. Tab. 15 includes 
key figures on butterfly monitoring in Finland. For more information, including  
reports from selected years of monitoring and lists of species, please refer to  
www.environment.fi/butterflymonitoring.

Fig. 35. A drawing presenting the area where butterflies counted during a transect walk (Swaay et al. 2012)
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Table 15. Key figures on butterfly monitoring in Finland 
(http://www.environment.fi/butterflymonitoring)

Data for 
2014

The average for 
previous seasons

Data for the entire monitoring 
period (1999–2014)

Number of transects 58 51 95

Number of transect counts 667 607 8806

Number of counts on a single 
transect 11.5 11.9 –

Total length of transects [km] 155 146 –

Butterflies

Number of species 76 69 89

Number of species per transect 27.6 30.3 –

Number of specimens 40254 59525 824804

Number of specimens per 
transect 694 1152 –

Moths

Number of species 166 158 334

Number of species per transect 23.1 25.7 –

Number of specimens 9065 10575 149887

Number of specimens  
per transect 283 300 –

The Irish Butterfly Monitoring Scheme was established in 2007 by the National Bio-
diversity Data Centre (NBDC). The Centre coordinates a network of volunteers who 
yearly gather data from more than 120 monitoring points (fig. 36) located across 
the country. Near 50,000 butterfly specimens are listed annually.

In order to participate in the monitoring scheme, a volunteer is to mark out  
a transect site 1–2 km long, taking about 40–60 minutes to walk. The transect must 
be representative of the region. Using the web page or by filling in paper a form 
available on the NBDC website, a volunteer informs the Centre about the desig-
nated transect, providing key facts (personal data, transect location and length,  
an overview sketch). Butterfly counts are carried out once a week, from the beginning  
of April to the end of September. The NBDC website provides counters with  
a special monitoring calendar with week numbers, so that counts are performed 
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at the same time. This allows for 26 counts to be conducted on a transect yearly.  
Counting should be carried out between 11.00 am and 5.00 pm, in proper weather 
conditions. Just like in the Finnish and British systems, butterflies are counted within  
a 5 × 5 × 5 area in front of the surveyor. In addition to butterflies noted, a volunteer 
is required to record the date of the monitoring conducted, start and end time of 
the transect walk, the temperature, as well as average wind speed and direction. 
Moreover, the recorder is expected to estimate the percentage of sunshine for each 
section of the site.

The data are entered directly on the NBDC website or submitted on special forms 
sent by mail.

Fig. 36. Location of the monitoring points in Ireland (for 2014) (http://www.biodiversityireland.ie/)
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NBDC has developed a range of facilities for the education of future volunteers. 
Among the resources provided, there is an online crash course in butterfly identifi-
cation. A book version of the programme guide can be purchased. It also organises 
numerous butterfly identification workshops. For more information butterfly moni-
toring in Ireland, please refer to http://www.biodiversityireland.ie/.

One of the first countries in the world to begin biodiversity monitoring was Switzer-
land. The Federal Office for the Environment (Bundesamt für Umwelt – BAFU) has 
drawn up a biodiversity monitoring scheme in Switzerland. It entails regular counts 
of different species of plants and animals in designated sites across the country. 
BAFU commissioned an independent coordinator to collect and collate the data 
and to coordinate the project. The coordinator concludes agreements with external 
experts to implement certain tasks (e.g. in respect of fieldwork for data collection or 
identifying problematic species) Part of the data, especially the data on endangered 
species, is provided to the coordinator from various state institutions it cooperates 
with on an ongoing basis. The annual monitoring cost amounts to approximately 
CHF 3 million. This comprises primarily personnel costs.

Monitoring of plant, butterfly, bird, mollusc and bryophyte diversity is based on 
two types of systematic sampling grids. Both grids cover the entire territory of the 
country. One of them includes 520 square sampling areas 1 km² large, whereas the 
other has approximately 1600 smaller sampling points. Species are sampled within 
every grid unit at regular and defined intervals.

The pressure-state-response (PSR) model, widely applied in other monitoring pro-
grammes, was adapted for the purpose of the monitoring. It involves three main 
indicator groups:

▶  State indicators – indicating major changes in biodiversity, covering complexity  
of species diversity – from genetic to landscape diversity. There are 12 state  
indicators altogether (Z1-Z12).

The state indicators which may relate to wild animal species include: 

Z3. Species diversity at national and regional level. This indicator has been  
assessed virtually from 1900 onwards. Covering 708 species, it entails monitoring of 
selected taxonomic groups of animals free-living in the wild in Switzerland. It is only 
intended to ascertain the presence of a given species in the location or not. Occur-
rence of species at a given site is represented by other indicators (mainly Z8). For 
the purposes of monitoring, nine well identified taxonomic groups were selected. 
These include all species of butterflies, orthopterans and dragonflies, as well as 90% 
of vertebrates. It is worth stressing that the monitoring also includes alien species. 
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On the basis of this indicator, an increase in the number of most species within the 
test groups between 1900 and 2013, was recorded in Switzerland. A sharp decrease 
was noted among species of fish due to strong conversion of water bodies.

Z4. Number of species in Switzerland facing global extinction. 49 critically endan-
gered species entered to the IUCN Red List can be found in Switzerland. Accord-
ing to Z4, this number has remained practically unchanged for the last 25 years.  
The only exception is the re-discovery of Long-fingered bat (Myotis capaccinii) 
which occurred a few years ago. The largest number of completely extinct species 
from this group were reported in the first half of the last century. The biggest losses 
occurred in the group of fish. Between 1900 and 1990, about 15 species of this 
group became extinct.

Z5. Change in the endangerment status of species. Included in surveys until 2015, 
this indicator is now evaluated by the Federal Office for the Environment within the 
framework of the Red List. According to this indicator, approximately 250 species 
of plants and animals went extinct over the last 150 years in Switzerland. To learn 
more about these indicators, please refer to http://www.bafu.admin.ch/umwelt/
indikatoren.

Z6. Population size of endangered species. This indicator is used to monitor popu-
lations of threatened or potentially threatened plant and animal species, or char-
ismatic species of particular popular appeal. Each species is examined separately, 
with the use of species-specific methods. This indicator is very dynamic for indi-
vidual populations of species.

Z7. Species diversity in landscapes. This indicator refers to the number of vascu-
lar plant species, breeding birds and butterflies found in Switzerland. Data are col-
lected in a grid of 520 1 km² sampling areas (grid cells). The square cells in the 
Alpine areas of Jura and in southern Switzerland are properly compressed in or-
der to obtain statistically reliable data. A transect is marked out in every square, 
where all specimens of a given species are counted. For plants and butterflies,  
a transect has the same length of 2 km. In the case of butterflies, it is approx.  
10 m wide, whereas in the case of plants it is 4–10 m wide. Transects are walked both 
ways two times a year in the case of plants, and up to 7 times a year in the case of  
butterflies. In addition to recording the presence of particular butterfly specimens, 
surveyors briefly describe weather conditions. For the monitoring of birds, a transect is  
3–5 km long. Its route is designed to cover the entire area of the study. Birds are 
identified on the basis of their voices and visual observations. Specimens are  
recorded on a map. Their territories are set out later during data processing stage.  
A bird transect should be walked three times a year.
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The indicator is assessed separately for each of the regions of Switzerland: Jura, 
Central Plateau, as well as Northern, Central and Southern Alps. Additionally, a dis-
tinct indicator is assessed for high-mountain species occurring above the tree line. 

A growth trend has been noted in species diversity in the Central Plateau, Central 
Alps and in the Alpine area, above the tree line, and for the whole country in gen-
eral. In the case of species diversity of breeding birds in the Central Alps as well as 
butterflies in the Central Plateau and in the Northern Alps, the trend is also positive. 
In other groups in particular regions the indicator has remained unchanged.

Z8. Population size of common species. This indicator is to present long-time 
changes of selected groups of plant and animal species. The data required for 
its evaluation are collected on the basis of grids created for the assessment of  
Z7 and Z9. Examination of the indicator between 2005 and 2014 showed that  
widespread species which are not tied to a specific habitat have become even more 
common. A growth was noted in the population of plant species typical of the early 
stages of forest succession.

Z9. Species diversity in habitats. The indicator is examined for 4 selected groups 
of species (vascular plants, terricolous bryophytes, molluscs and aquatic insects), 
within the dominant Swiss habitats (human settlements, grasslands, arable fields, 
forests, watercourses and water bodies, alpine pastures, mountains), in different 
altitude zones. The scope of species groups surveyed is likely to be extended in the 
future, since the present proves insufficient to assess the overall situation of habi-
tat biodiversity in the country. For plants, bryophytes and molluscs, the indicator is 
measured on the basis of a 1600 cell-grid. For the species within these groups, a cir-
cular area of 10 m² is marked out in a square cell, where data are collected – a list of 
the species and some characteristics of the habitat. For water insects, a 570 square- 
-grid was delimited, where study areas are located. In the case of watercourses, 
cells encompass sections along which the species composition and parameters of 
the selected habitat are described. Areas of data collection are marked with a GPS 
device and a 60 cm deep placed magnet.

There was an increase in both the number of species and specimens in particular 
populations in group of molluscs, in a variety of habitats and at different altitudes. 
In general, however, a biodiversity loss of habitats has been noted over the last ten 
years.

Z12. Diversity of species communities. Indicator assessment is based on the data 
collected from the evaluation of Z7 and Z9 indicators. The indicator rates the spe-
cies composition in particular Swiss habitats by the region (see: Z7 Indicator).  
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It keeps track of the homogenisation of both plant and animal species units. In the 
last ten years, a significant decrease was noted in plant unit diversity. Butterfly units 
and as breeding bird units alike are stable in all regions. A drop in bird diversity was 
noted only in the region of Jura.

▶ Pressure Indicators – pertaining to various factors influencing the species  
diversity. The scope of these factors is considerably vast. There are 15 pressure 
indicators altogether (E1-E15): E1. Size of valuable habitats, E2. Size of areas 
of defined use E3. Size of wilderness areas, E4. Length of linear landscape fea-
tures, E5. Diversity of land use and land cover, E6. Nutrient supply in the soil, E7.  
Intensity of agricultural land use, E8. Forest area dominated by non-indigenous 
trees, E9. Area of artificially regenerated young woodland, E10. Deadwood, E11. 
Volume of water extracted from watercourses (e.g. for use for energy produc-
tion), E12. Proportion of adversely affected watercourses, E13. Water quality of 
watercourses and captive water, E14. Proportion of polluted waterways, E15. 
Landscape fragmentation.

▶ Response indicators – focusing on the economic development trends, as well as 
the impact of environmental legislation, both of which contribute to the change 
in biological diversity, such as changes in the organic farm areas. There are 7 
response indicators: M1. Size of protected areas, M2. Size of “secure” protected 
areas, where appropriate safeguard measures are provided, M3. Endangered 
species living in protected areas, M4. Environmental Compensation Areas, M5. 
Areas farmed organically, M6. Implementation of environmental regulations, 
M7 Financial resources for nature and landscape conservation.

The quality of the data collected on the abundance and diversity of species groups 
(mainly indicators Z7 and Z9) is ensured through consecutive surveys conducted 
on random areas by independent experts. More information is available at: http://
www.biodiversitymonitoring.ch/de/home.html.

Another group of species which perfectly reflects changes in entire ecosystems 
are birds. Together with butterflies, birds are the only groups of animals under-
going uniform monitoring in almost all European countries. Member states of the  
European Union are required to perform monitoring of birds pursuant to the  
provisions of the Article 12 of The Birds Directive (Directive 2009) Every Member 
State is required to provide the European Commission with information about 
trends in population and other indicators.
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In Poland, the Bird Monitoring Schemes are carried out by the Chief Inspectorate 
for Environmental Protection in cooperation with NGOs and academic institutions, 
commissioned by the State Environmental Monitoring (SEM) (see Chapter 1.2.4). 

The association which gathers and collates bird monitoring data within the Pan- 
-European Common Bird Monitoring Scheme (PECBMS) is the European Bird Census 
Council (EBCC). The project was initiated in 2002 by the EBCC and BirdLife Interna-
tional. From the very beginning, it has been also supported by the Royal Society 
for the Protection of Birds (RSPB – partner of BirdLife in the UK). Since 2006 it has 
had the support of the European Commission as well. The managing body of the 
entire project is the Central Coordination Unit, which communicates directly with 
the national coordinators of bird monitoring. Local coordinators supervise the work 
of volunteers who count birds in the area. In addition, the Central Coordination Unit 
works closely with a group of researchers Statistics Netherlands, which prepares 
tools for the processing of monitoring results, also for individual countries, and with 
the Project Steering and Technical Group, which oversees the overall performance 
of the project.

EBCC collects and collates bird monitoring data from European countries, creating 
indicators and showing trends for the populations of species of birds for the whole 
of Europe or its regions (old and new European Union, Western, Eastern, Southern, 
Northern, and Central Europe) (fig. 37). Indicators developed by the EBCC (in coop-
eration with BirdLife and Statistics Netherlands) were adopted as official biological 
diversity indicators in respect of the EU´s Structural Indicator and Indicator of Sus-
tainable Development (http://www.ebcc.info).

From the information available on the EBCC website it may be inferred that most 
national bird monitoring programmes are launched independently and are orga- 
nized mainly by non-governmental organizations, supported by various state and 
scientific institutions. In the whole Europe, there is a wide range of methods used 
in national bird monitoring programmes that are approved by the PECBMS. Local 
coordinators from particular European communicate data to the EBCC in accord-
ance with set standards. Individual countries provide PECBMS with two key types 
of information: the abundance of each species of birds in the country and the trend 
in those populations.

Birds in the particular countries are counted in accordance with standard meth-
ods. PECBMS allows three basic counting methods: territory mapping, line tran-
sects counts, and point counts. Territory mapping has proven to be the most pre-
cise method, but also the most time consuming one. In most countries nowadays, 
transects or point counts are performed instead. For more information on these  
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methods, please refer to the guide published on the ECBB website: A Best Practice 
Guide for Wild Bird Monitoring Schemes (Voříšek et al., 2008). Birds are counted 
on strictly designated areas throughout the country territory. The selection of the 
counting area is of utmost importance for the data collected to be representative. 
PECBMS allows several types of sample area selection (Source: Sutherland et al. 
2004).

Free choice – this method does not define practically any rules for the area selec-
tion. The choice is therefore up to the counter. The disadvantage of this method is 
high subjectivity. There is also a possibility that the counter may give preference to 
specific types of areas, e.g. interesting and rich in terms of bird species composi-
tion. Typical of the legacy monitoring systems, this method is currently becoming 
obsolete.

Fig. 37. 28 European countries whose birds monitoring data have been used in the PECBMS in 2016  
(http://www.ebcc.info)
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Systematic selection – study plots are spaced evenly, e.g. on a 1 km grid (depending 
on the preferred scale).

Random selection – study plots are selected at random from all of the research 
areas. This is considered to be the best sample area selection method, although  
it may provoke certain problems, e.g. whether the randomly selected areas are 
available for the surveyors.

Stratified random selection – an improved version of the previous method.  
The study plot is divided into smaller parts to match e.g. different natural habi-
tats, ground height, type of land use, land availability, administrative division etc.  
Sample areas are determined randomly within the designated parts. This method 
has seen strong growth recently, as it has been applied in most newly established 
monitoring systems.

PCBMS activity pertains to common birds in European countries. The project does 
not include birds of nocturnal or highly secretive lifestyle (such as owls), extremely 
rare species, or birds living in single colonies.

Throughout virtually the whole of Europe, bird field surveys are done by volunteers. 
It is fairly easy to find voluntary counters in the case of birds which are popular in 
Europe. Data collected this way, however, may not always be reliable. Each of the 
countries participating in the PCBMS, therefore, has been provided with detailed 
verification methods to ensure proper skills of volunteers and to minimize error 
threshold of the data collected and compiled. This is why it is so important for the 
volunteer counts to select appropriate methods for the sample area determination. 
In the case of the free choice method, for instance, there is a risk of over-represen-
tation of attractive areas in terms of the bird species composition.

Tab. 16 shows the basic information on the bird surveys conducted in Europe.
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Table 16. Basic data on the bird surveys conducted in 39 European countries 
(http://www.ebcc.info)
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An
do

rr
a

Common Bird Survey of 
Andorra

Snow and 
Mountain 
Research 
Center of 
Andorra 
(CENMA) 
Institut 

d´Estudis 
Andorrans

2011 13 107 (150) Transect 
counts

Stratified 
random 
selection

Au
st

ria Monitoring der Brutvögel 
Österreichs BirdLife Austria 1998 160 85 Point 

counts Free choice

Be
la

ru
s

Мониторинг птиц 
агроландшафтов – 
National Scheme of 
Environmental Monitoring 
in Belarus

Institute of 
Zoology of 

the National 
Academy of 
Sciences of 

Belarus

2007 15 20
Point and 
transect 
counts

-

Be
lg

iu
m

 –
 F

la
nd

er
s

Common Breeding  
Birds Flanders

Research 
Institute for 
Nature and 

Forest, BirdLife 
Flanders, 

Natuurpunt.
vzw

2007 300 101 Point 
counts

Random 
stratified

Be
lg

iu
m

 –
 

Br
us

se
ls “Brussels Bird Survey” 

(Common Breeding Birds 
Survey – SOCBRU)

Aves – 
Natagora 1992 35 134 Point 

counts Other

Be
lg

iu
m

 –
 

W
al

lo
ni

a Common Breeding 
Birds Survey in Wallonia 
(SOCWAL)

Aves – 
Natagora 1990 170 80 Point 

counts -

Bu
lg

ar
ia Мониторинг на 

обикновените видове 
птици (Common Bird 
Monitoring Scheme)

Bulgarian 
Society for the 
Protection of 
Birds, BirdLife 

Bulgaria 
Status: ongoing

2004 120 63 Transect 
counts

Stratified 
random

Cr
oa

tia

Monitoring čestih vrsta 
ptica poljoprivrednih 
staništa u Hrvatskoj 
(Common Farmland Bird 
Monitoring in Croatia)

Croatian 
Agency for 

Environment 
and Nature 

(former State 
Institute 

for Nature 
Protection)

2015 
(2014 – 

pilot)
30 21

Point 
counts 

on 
transects

Semi- 
-random

Cy
pr

us

Πρόγραμμα 
Παρακολούθησης Κοινών 
Πουλιών – Common Birds 
Monitoring Scheme

BirdLife Cyprus 2006 18 45 Transect 
counts -

Western Cyprus Common 
Bird Census BirdLife Cyprus 2003 4 40 Transect 

counts

Stratified 
semi- 

-random
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Th
e 

Cz
ec

h 
Re

pu
bl

ic Jednotný program sčítání 
ptáků (JPSP) Breeding Bird 
Census Program

Czech Society 
for Ornithology 1981 80 118 Point 

counts Free choice

De
nm

ar
k Punkttaellingsprogrammet 

Point count census of 
breeding and wintering 
birds)

DOF/BirdLife 
Denmark 

The Danish 
Ornithological 

Society) 
Status: ongoing

1975 345 124 Point 
counts Free choice

Es
to

ni
a

Point Count Project
Estonian 

Ornithological 
Society (EOS)

1983 50 90 Point 
counts Free choice

Fi
nl

an
d

(Linnustonseuranta 
Maalintujen linja- ja 
pistelaskennat) – Annual 
monitoring of breeding 
birds in Finland

Zoological 
Museum, 

the Finnish 
Museum of 

Natural History

1975 150 140
Point and 
transect 
counts

Free 
choice and 
systematic 
selection

(Petolintuseuranta Raptor 
Grid Scheme)

Zoological 
Museum, 

the Finnish 
Museum of 

Natural History

1982 300 14 - -

Vesilintulaskennat 
(Waterfowl Monitoring 
in Lakes)

Zoological 
Museum, 

the Finnish 
Museum of 

Natural History 
and the Finnish

1986 50 16 - -

Fr
an

ce

Suivi Temporel des 
Oiseaux Communs = STOC 
(French Breeding Bird 
Survey = FBBS)

Centre de 
Recherches sur 
la Biologie des 

Populations 
d’ Oiseaux 
(CRBPO), 
Museum 
National 

d’Historie 
Naturelle

1989 1000 150 Point 
counts -

G
er

m
an

y

German Common 
Breeding Bird Survey

Dachverband 
Deutscher 

Avifaunisten 
e.V. (Federation 

of German 
Avifaunists)

2004 1230 90 Transect 
counts

Stratified 
random

German Rare Breeding 
Bird Survey

Dachverband 
Deutscher 

Avifaunisten 
e.V. (Federation 

of German 
Avifaunists)

2011 ~2000
78 

(planned: 
180–200)

Territory 
mapping, 

nest 
and pair 
counts

Free choice 

German Common Bird 
Census

Dachverband 
Deutscher 

Avifaunisten 
e.V., Steckby

1989–
2010 500 100–130

Point and 
transect 
counts, 
territory 
mapping

Free choice; 
stratified 
– only in 

Brandenburg
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G
ib

ra
lta

r

Counts of raptors and 
seabirds from migration 
points

Gibraltar 
Ornithological 

& Natural 
History Society

- - - - -

G
re

ec
e

Πρόγραμμα 
Παρακολούθησης των 
Κοινών Ειδών Πουλιών 
της Ελλάδας – Hellenic 
Common Bird Monitoring 
Scheme (HCBMS)

Hellenic 
Ornithological 
Society (HOS)

2007 92 230 Point 
counts

Stratified 
random

Sl
ov

en
ia Mindennapi Madaraink 

Monitoringja, MMM 
(Monitoring of our 
common birds)

MME BirdLife 
Hungary 1999 1000 390 Point 

counts

Stratified 
semi- 

-random

Ic
el

an
d

Monitoring of ptarmigan 
population

Icelandic 
Institute of 

Natural History
- - - - -

Monitoring of woodland 
birds

Icelandic 
Institute of 

Natural History
- - - - -

Bjargfuglar – cliff breeding 
seabirds

University of 
Iceland - - - - -

Mýraeldar – effect of 
wildfires on birds

Icelandic 
Institute of 

Natural History
- - - - -

Ire
la

nd Countryside Bird Survey 
(CBS)

BirdWatch 
Ireland, and the 
National Parks 

and Wildlife 
Service

1998 300 55 Transect 
counts

Stratified 
random

Ita
ly MITO2000 (Monitoraggio 

ITaliano Ornitologico)

Coordinamento 
Mito – Centro 
Italiano Studi 
Ornitologici 

(CISO) – LIPU 
BirdLife Italy – 
Associazione 
FaunaViva – 

D.R.E.Am Italia

2000 200 103 Point 
counts Random

La
tv

ia

Latvijas ligzdojošo 
putnu uzskaites (Latvian 
Breeding Bird Monitoring 
scheme)

Latvian 
Ornithological 

Society
2005 40 90 Transect 

counts
Systematic 

and random

Monitoring of birds and 
habitats in agricultural 
lands

Latvian Fund 
for Nature 1995–2006 6 25 Point 

counts Random

Breeding Bird Counts University of 
Latvia 1983–1994 7 30 Transect 

counts Free choice

Naktsputnu uzskaites 
(Nightbird monitoring 
scheme, previously called 
Corncrake monitoring 
scheme)

Latvian 
Ornithological 

Society
2006 35 15 Territory 

mapping -
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Li
ec

ht
en

st
ei

n

Monitoring of Breeding 
Birds

Botanisch- 
-Zoologische 
Gesellschaft

1981 1 30 Territory 
mapping -

Li
th

ua
ni

a Įprastų paukščių 
populiacijų gausos 
stebėsena (ĮPGS) – 
Lithuanian Common Bird 
Monitoring scheme

Lithuanian 
Ornithological 

Society
1994 35 60 Point 

counts

Stratified 
semi- 

-random

Lu
xe

m
bo

ur
g Common Bird Monitoring natur&ëmwelt.

asbl 2009 25 All

Transect 
counts 

and 
territory 
mapping

Stratified 
random

Monitoring of Breeding 
Birds LNVL 2002–2003 6 60

Point 
counts 

and 
territory 
mapping

-

M
ac

ed
on

ia

Common bird Monitoring 
Scheme – Macedonia

Macedonian 
Ecological 

Society (MES)
2007 0 ? Transect 

counts
Stratified 
random

N
et

he
rla

nd
s

BMP A – All breeding bird 
species project

Sovon (Dutch 
Centre for Field 

Ornithology) 
and Statistics 
Netherlands

1984 1000 100 Territory 
mapping Free choice

BMP IN – Meadow bird 
species project

Sovon (Dutch 
Centre for Field 
Ornithology), 

Provincial 
organisations 
and Statistics 
Netherlands

1990 400 21 Territory 
mapping Free choice

BMP B – Scarce breeding 
species project

Sovon (Dutch 
Centre for Field 

Ornithology) 
and Statistics 
Netherlands

1990 400 50 Territory 
mapping Free choice

BMP – Rare breeding 
species project

Sovon (Dutch 
Centre for Field 

Ornithology) 
and Statistics 
Netherlands

1990 500 60 Territory 
mapping Free choice

Colonial breeding bird 
census

Sovon (Dutch 
Centre for Field 

Ornithology) 
and Statistics 
Netherlands

1990 1000 17
Occupied 

nest 
counts

Free choice

MUS – Urban breeding 
species project

(Sovon Dutch 
Center for Field 

Ornithology)
2007 600 70 Point 

counts Randomized

MAS – Farmland breeding 
species project

(Sovon Dutch 
Center for Field 

Ornithology)
2008 50 50 Point 

counts Randomized
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N
or

w
ay

Extensive monitoring of 
terrestrial birds in Norway 
(TOV-E)

BirdLife Norway 
and Norwegian 

institute 
for Nature 
Research

2005 250 ~80

Point and 
transect 
counts 
for rare 
species

Randomly 
selected

Norwegian Breeding Bird 
Census

Norwegian 
Ornithological 

Society and 
Nord-Trøndelag 

University 
College

1995–2008 120 58 Point 
counts Free choice

Po
la

nd Monitoring Pospolitych 
Ptaków Lęgowych (MPPL) 
(Common Birds Survey)

OTOP/BirdLife 
Poland (The 

Polish Society 
for the 

Protection of 
Birds)

2000 400 110 Transect 
counts

Stratified 
random

Po
rt

ug
al

Censo de Aves Comuns 
(Common Bird Census)

SPEA – 
Sociedade 
Portuguesa 

para o Estudo 
das Aves 

(Portuguese 
Society for the 
Study of Birds 

– irdlife Partner 
in Portugal)

2004 120 64 Point 
counts

Stratified 
random

Ro
m

an
ia Common Bird Monitoring 

(CBM). In Romanian: 
Monitorizarea Păsărilor 
Comune (MPC)

Romanian 
Ornithological 

Society, in 
cooperation 

with the 
Association for 
Bird and Nature 

Protection 
“Milvus 

Group” and 
Babeş-Bolyai 

University, 
Faculty of 

Biology and 
Geology

2006 131 75 Point 
counts

Semi- 
-random

Ru
ss

ia

Monitoring of common 
farmland and woodland 
birds in European Russia

Russian 
Society for Bird 
Conservation 

and Study

2007 23 60 Transect 
counts Free choice

Moscow Birds Survey

“Birds of 
Moscow and 
the Moscow 

Region” 
Programme

2006 67 226 Territory 
mapping -

Common bird monitoring 
scheme

“Birds of 
Moscow and 
the Moscow 

Region” 
Programme

2006 23 ? Transect 
counts -

White Stork nests 
monitoring scheme

“Birds of 
Moscow and 
the Moscow 

Region” 
Programme

2004 10 1 Territory 
mapping -
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Se
rb

ia Monitoring obicnih vrsta 
– MOV (Common Birds 
Monitoring)

League for 
Ornithological 

Action of Serbia
2010 1 ? Transect 

counts
Stratified 
random

Sl
ov

ak
ia

Monitoring of dispersed 
bird species in Slovakia 
(Monitoring of breeding 
bird populations in 
Slovakia)

Slovak 
ornithological 

society/BirdLife 
Slovakia

1994 46 100–150 Point 
counts Free choice

Sl
ov

en
ia

Slovene monitoring of 
common farmland birds 
(Slovenski monitoring 
pogostih ptic kmetijske 
krajine)

DOPPS-BirdLife 
Slovenia 2007 30–40 29 Transect 

counts
Stratified 

non-random

Sp
ai

n

Common Breeding Bird 
Monitoring Scheme 
(“SACRE”)

SEO/Birdlife 1996 1020 125 Point 
counts

Stratified 
random

Seguiment dels Ocells 
Comuns de Catalunya 
– Catalan Common Bird 
Survey (SOCC)

Catalan 
Ornithological 

Institute
2002 300 140 Transect 

counts
Stratified 
random

Owls and Nightjars 
Breeding Monitoring 
Scheme (“NOCTUA”)

SEO/Birdlife 1998 568 8 Point 
counts -

Wintering Bird Monitoring 
Scheme (“SACIN”) SEO/Birdlife 2008 762 80 Transect 

counts
Stratified 
random

Sw
ed

en

Swedish Breeding Bird 
Survey (“summer point 
counts”)

Dept. of 
Biology, Lund 

University
1975 165 140 Point 

counts Free choice

Swedish Breeding Bird 
Survey (“fixed routes”)

Dept. of 
Biology, Lund 

University
1996 250 180

Point and 
transect 
counts

Systematic

Swedish Breeding Bird 
Census

Dept. of 
Biology, Lund 

University
1969 200 100 Territory 

mapping

Swedish Breeding Bird 
Survey (“night routes”)

Dept. of 
Biology, Lund 

University
2010 110 30 Point 

counts

Combined: 
Systematic 

(in the 
general 

area) and 
free choice 

(at exact 
points) 

Sw
itz

er
la

nd Monitoring Häufige 
Brutvögel (Monitoring of 
common breeding birds)

Swiss 
Ornithological 

Institute
1999 200 75 Territory 

mapping Systematic

Tu
rk

ey Common Bird Monitoring 
Scheme Doğa Derneği 2007 11 102 Transect 

counts
Stratified 
random
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U
K

Breeding Bird Survey
Organisation: 

British Trust for 
Ornithology

1994 2600 110 Transect 
counts

Stratified 
random

Waterways Breeding Bird 
Survey

British Trust for 
Ornithology 1998 295 82 Transect 

counts Random

Heronries Census British Trust for 
Ornithology 1928 550 3

Occupied 
nest 

counts
Total area

Common Birds Census British Trust for 
Ornithology 1962–2000 280 79 Territory 

mapping Free choice

Waterways Bird Survey British Trust for 
Ornithology 1974–2007 110 24 Territory 

mapping Free choice

U
kr

ai
ne

Monitoring of birds on the 
west of Ukraine (West- 
-Ukrainian Ornithological 
Society and Ukrainian 
Society for the Protection 
of Birds); Regional 
ornithological monitoring 
(ROM) on the south of 
Ukraine (the Azov-Black 
Sea Ornithological Station)

Ukrainian 
Society for the 

Protection  
of Birds,  

West-Ukrainian 
Ornithological 

Society,  
Azov-Black Sea 
Ornithological 

Station

1980  
(ROM – 
2001)

>20 >70

Point and 
transect 
counts, 
overall 
counts

-

As it was mentioned above, it is a duty of every Member State of the European  
Union to monitor habitats and species of animals listed in the annexes of the 
Habitats Directive (Directive 1992). The body which is to meet this requirement in  
Poland is the State Environmental Monitoring, coordinated by the Chief Inspector of 
Environmental Protection and implemented by the Institute of Nature Conservation 
of the Polish Academy of Sciences. The animal species covered by the monitoring 
scheme (excluding the birds) are: butterflies, beetles, snails, leeches, crustaceans 
and mammals. Monitored species and monitoring methodology are described 
in detail the methodical guide issued by Chief Inspectorate (cf. chapter. 1.2.3;  
Makomaska-Juchiewicz, Bonk 2015).

A wide animal monitoring scheme is implemented in the Czech Republic, aimed to 
meet the requirements of the Habitats Directive. The Agency for Nature Conservation  
and Landscape Protection of the Czech Republic (Agentura ochrany přírody a krajiny 
ČR) operates many schemes, including the following projects: Mapping of reptiles 
and amphibians in the Czech Republic (Mapování výskytu obojživelníků a plazů v ČR),  
monitoring of fish, lampreys, invertebrates and mammals. Descriptions of the  
monitoring programmes may be found at: http://www.biomonitoring.cz.
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The Czech Republic is particularly important due to numerous species of bats, many 
of them endangered. The Agency for Nature Conservation and Landscape Protec-
tion, in cooperation with a non-governmental organization Czech Bat Conservation 
Trust (Českou společností pro ochranu netopýrů – CESON) are responsible for the 
monitoring of this group of species. Launched in 1969, the surveys have been con-
ducted ever since, encompassing an ongoing register of overwintering bats and 
summer bat colony monitoring. More recent methods of monitoring include the 
use of ultrasonic sensors, net traps and telemetry devices.

Winter counts cover all species of bats occurring in the Czech Republic, as well as all 
known underground overwintering sites (approximately 500 locations). Every site 
undergoes one inspection per season (January – February, exceptionally in March). 
This involves minimally invasive methods, where bats are marked only on the basis 
of visual evaluation (fig. 38). The data collected pertain to the species present, their 
numbers, threats, and the condition of the overwintering site.

Monitoring of the summer colonies also covers all species, with particular regard to 
Lesser horseshoe bat Rhinolophus hipposideros, Greater mouse-eared bat Myotis 
myotis and Geoffroy’s bat Myotis emarginatus. The colonies are monitored once  
a year, approximately from the end of the pregnancy until the middle of the bree- 
ding season. This period differs among species, but occurs roughly between the 
beginning of June and the middle of July. As in the case of the winter counts, the 
method employed is not invasive, based only on the visual observations. If possi- 
ble, it entails photographing of bat groups, which reduces the time spent in the 
colony and allows for determining the exact number of animals on site. The largest 
and most valuable colonies are the main object of monitoring (ca. 120 locations). 
The data collected include the number of mothers for each species, number of the 
young (including dead ones), thermal conditions inside the site, technical condi-
tions of the building, and the threats for the population.

Ultrasonic sensor survey is performed in all the species which can be detected by 
the means of this method, as well as in 10 places with potentially the greatest num-
ber and most diverse composition of species. 18 transects have been put in each 
of these areas. It takes approximately 10 minutes to cover them on foot. In each 
of these places, monitoring is carried out three times a year (during pregnancy,  
the lactation period, and the weaning period). Bat voices are sometimes recorded 
for a better identification of the species. 

The other method, catching in nets, involves 8 species: Bechstein’s bat Myotis  
bechsteinii, Brandt’s bat M. brandtii, Daubenton’s bat M. daubentonii, whiskered  
bat M. Mystacinus, Natterer’s bat M. nattereri, Geoffroy’s bat M. emarginatus,  



150 151

common pipistrelle Pipistrellus pipistrellus and soprano pipistrelle P. pygmaeus  
and 9 underground units. For this method, places important were selected for bats 
during their mating season and breeding season as well as those places where 
more common are rare species which are less common in other locations moni-
tored with the use of previously described methods. Catching in nets provides  
extensive information, for instance about age and sex profile of species of a given 
population. In every location bats are caught in the nets 3 nights in a row, three 
times in a season (from the beginning of April until the beginning of May, in the first 
half of July and from the beginning of August until the beginning of September).  
The nets are cast at sunset and folded at sunrise. More information is available at:  
http://www.ceson.org.

The monitoring of common mammals has been an optional part of bird monitor-
ing (Breeding Bird Survey) in Great Britain since 1995. The following species are 
particularly monitored: European hare, mountain hare, rabbit, red squirrel, grey 
squirrel, fox, red deer, European roe deer, fallow deer, muntjac, hedgehog, mole, 
brown rat, badger, stoat, weasel, European water vole, mink, otter and domes-
tic cat. During bird counting volunteers register the mammals they saw and their 
tracks. Data concerning mammals are registered in the same form as on birds.  
Various information are collected: number of live animals (counting all encountered 
specimens of a given species), presence of dead animals, signs of their existence 
(e.g. tracks, excrements, molehills), local knowledge concerning species occurrence 
(e.g. knowledge acquired from land owners). More information is available at:  
https://www.bto.org.
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The integrated monitoring of biological diversity, impact of agricultural practices 
and implementation of agri-environmental programme and organic farming on en-
vironmental values was conducted in the Lublin Voivodeship as part of the project 
“Protection of species diversity of valuable natural habitats on agricultural lands on 
the Natura 2000 areas in the Lublin Voivodeship” (KIK/25), implemented in the years 
2011–2017 within the Swiss-Polish Cooperation Programme. The coordinator of the 
project was the Institute of Soil Science and Plant Cultivation (IUNG) – STI in Puławy. 
The following also contributed to the project: the Institute of Technology and Life 
Sciences in Falenty, Polish National Society for the Protection of Birds (OTOP), Siedlce 
University of Natural Sciences and Humanities in Siedlce. The project included study 
and educational parts. The monitoring and study part was mainly organised in the 
middle and north-east part of the Lublin Voivodeship. The educational part was con-
ducted in four voivodeships: Lublin, Małopolskie, Świętokrzyskie and Podkarpackie. 
The main objectives of the project included the assessment of the impact of various 
agricultural practices (including the agri-environmental programme) on biological 
diversity and the dissemination of knowledge on agricultural lands as well as on the 
significance of biological diversity in agroecosystems. Other crucial objective of the 
project was to create a monitoring net of biological diversity on agricultural lands 
in the Lublin Voivodeship. In respect of biodiversity protection, the implementation  
of those objectives is to enhance the agricultural practices in the long term. 

As part of the KIK/25 project a monitoring network of biological diversity was intro-
duced, covering:

▶ 114 of study squares of a total area of 10 ha, including 47 areas of squares with  
the dominance of arable lands and 67 with the dominance of permanent  
grasslands (fig. 38);

2 The monitoring of biological diversity and  
environmental impacts of the agri-environmental 
programme in the Lublin Voivodeship
 

The monitoring net of biological diversity  
in the Lublin Voivodeship – area selection 

Jarosław Stalenga, Kamila Brzezińska, Marek Jobda, Marzena Stańska, 
Beata Feledyn-Szewczyk, Izabela Hajdamowicz, Andreas Hirler, Małgorzata Kozak, 
Piotr Nasiłowski, Łukasz Nicewicz, Jarosław Krogulec, Rafał Pudełko, Marek Rycharski

2.1.  
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▶ 77 study areas in the form of circles of a 100 m radius, a 3.14 ha area, 28 of which 
are on arable lands, and 49 of which are on permanent grasslands;

▶ 340 plots on permanent grasslands being monitored in respect of the influence 
of agricultural practices on the natural and economic value of plant communities 
(described in Section 2.3). 

In 2012–2016, a surface monitoring of bird species diversity was conducted on 
114 study squares. In addition, 28 of these squares, located on arable lands, were 
under monitoring in 2012–2015 as regards segetal flora biodiversity in organical-
ly and conventionally produced winter and spring cereal, whereas in 2013 were  
under complete flora inventory. In 2012–2013, an inventory of plant communi-
ties and landscape components was carried out within the network of squares of  
permanent grasslands.

Fig. 38. The distribution of study squares on meadows and arable lands

major cities 
major rivers 
forests

study squares on meadows

study squares on arable lands
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Locations of the study squares were selected to be in rural areas of the Lublin 
Voivodeship with the special attention paid to the Natura 2000 areas and regions 
where the selected RDP 2007–2013 agri-environmental programme variants were 
concentrated, i.e.: 
▶ variant 2.1. “Agricultural crops” of Package 2. “Organic farming”, 
▶ Package 3. “Extensive permanent grasslands”, 
▶ variants 4.1. or 5.1. “Protection of nesting habitats of birds” of Package 4. “Pro-

tection of endangered bird species and natural habitats outside the Natura 2000 
areas” or of Package 5. “Protection of endangered bird species and natural habi-
tats on the Natura 2000 areas”. 

A significant part of study squares was located in the valleys of large, medium or 
small rivers: Bug, Wieprz, Tyśmienica and Krzywólka as well as on Polesie Lubelskie. 

The study squares designated for monitoring on arable lands, depending on the 
involvement of variant 2.1. of Package 2. “Organic farming”, belonged to one of the 
three categories (fig. 39): 
▶ squares with over a 50% of the share of land in variant 2.1.;
▶ squares with the share of up to 50% of an area in variant 2.1.;
▶ squares without variant 2.1. 

Fig. 39. A group of three study squares on arable lands in the Sławatycze commune with various involvement  
of variant 2.1 of Package 2. “Organic farming” (Foundation – orthophotomap: Central Geodetic and Cartographic 
Resource)

study squares on arable lands

plot with package 2.1
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Study squares selected for monitoring on permanent grasslands belonged to one  
of the three categories (fig. 40): 
▶ squares with different involvement of variants 4.1./5.1. 
▶ squares with different involvement of Package 3.;
▶ squares without Packages 3., 4. and 5.

The following criteria have been taken into account while selecting squares on  
permanent grasslands:
▶  a share of permanent grasslands not lower than 80%;
▶  lack of dense forest complexes;
▶  distance from the forest border: at least 100 m;
▶  lack of water bodies of an area more than 10 ares;
▶  lack of densely built-up areas at least 100 m from squares;
▶  distance from roads – at least 100 m, except for dirt and local roads;
▶  minimum distance between two study squares; 600 m.;
▶  a fragment of plot of at least 10 ares in a given package.

Fig. 40. A group of five study squares on permanent grasslands in the Wola Uhruska commune with different 
involvement of agri-environmental Packages 3., 4. and 5. (Foundation – orthophotomap: Central Geodetic  
and Cartographic Resource)

meadow squares
plots with package 3.1
plots with packages 
4.1 and 5.1
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In the case of selection of squares on arable lands, apart from the above-mentioned 
criteria (except for the first one), the share of arable lands at the level of more than 
80% was also included.

The network of 77 areas (circles) of an integrated environmental monitoring  
(fig. 41) was the basis for monitoring spiders and orthopterans. Monitoring on  
arable lands was conducted in 2012–2015, whereas on permanent grasslands 
in 2013–2016. In 2015 and 2016, a point-based monitoring of bird species bio- 
diversity was conducted in all circles and in 2016 also a inventory of butterflies on  
selected areas. Also, an inventory of floral biodiversity, mapping of flora, landscape 
components and soil identification were performed in circles located on permanent  
grasslands. 

Fig. 41. Distribution of the circles of an integrated environmental monitoring on meadows and arable lands

Key:
circles of an integrated environmental 
monitoring on meadows 

circles of an integrated environmental 
monitoring on arable lands

major cities 
major rivers 

forests
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28 study plots (circles) were selected for monitoring on arable lands 
(Table 17). Half of the plots was established in cereals cultivated in the organic 
system, and the other half was located in an extensive conventional farming system. 
Most of the plots was located in the sub-provice of Polesie, in the Western Polesie 
and PolesieWołyńskiemacroregions. Nineteen plots were located in Western 
Polesie in five mesoregions: the Kodeńska Plain, ZaklęsłośćSosnowicka, Garb 
Włodawski, Łęczyńsko-WłodawskaPlain and PolesieBrzeskie. Seven plots were 
located in PolesieWołyńskie, six in the mesoregion ObniżenieDubienki, and one 
in the mesoregion of PagóryChełmskie. Only two plots were in the sub-provice of 
the Środkowopolskie Lowlands, in the macroregion of the Południowopodlaska 
Lowland, one in the PradolinaWieprza mesoregion and the other in the Lubartowska 
Upland (Kondracki 2002, Solon et al. 2014). 

Twenty one plots on arable lands were associated with Natura 2000 SPA and SAC 
areas (Geoportal 2016). Two plots were located in Natura 2000 SPAs - Polesie and the 
Middle Bug Valley. Eighteen of the surveyed plots were in close proximity to Natura 
2000 areas. Among the Special Protection Areas of the birds were: Middle Bug River 
Valley, Tyśmienica Valley, Polesie, Strzeleckie Forest and ChełmskieCalcareous Mires. 
Among the Special Areas of Conservation of Habitats there were: Polesie Bug River 
Valley, OstojaPoleska, Serniawy, LowerWieprz, UroczyskaLasówStrzeleckichand the 
Chełm Mires.

Table 17. Location of study plots(circles) on arable lands in physico-geographical regions  
of Poland and their link with Natura 2000 areas

Macroregion/Mesoregion Number of 
study plots

Natura 2000 areas with study plots  
in mesoregions Number of 

study plots
on Natura 
2000 areasSpecial protection 

area (SPA)
Special area of 

conservation (SAC)

Południowopodlaska-
Lowland (318.9) 2

Wieprz Glacial Valley 
(318.97) 1 Tyśmienica Valley 

PLB060004
Lower Wieprz 

PLH060051 1

Lubartów High Plain 
(318.98) 1 - Lower Wieprz 

PLH060051 1

Western Polesie (845.1) 19

Kodeń Plain (845.12) 4 - - -

Sosnowica Hollow 
(845.14) 1

Middle Bug River 
Valley

PLB060003

Polesie Bug River 
Valley PLH060032 1

Włodawa Hummock 
(845.15) 1 - - -
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Łęczna-WłodawaPlain 
(845.16) 4

Polesie PLB060019
Bagno Bubnów 

PLB060001

Ostoja Poleska 
PLH060013 4

Brest Polesie (845.17) 9
Middle Bug River 

Valley
PLB060003

Polesie Bug River 
Valley PLH060032 9

Volhynian Polesie (845.3) 7

Chełm Hills (845.32) 1 Bagno Bubnów 
PLB060001

Ostoja Poleska 
PLH060013
Serniawy 

PLH060057

1

Dubienka Depression 
(845.33) 6

Middle Bug River 
Valley

PLB060003
Strzeleckie Forests 

PLB060007
Chełm Calcareous 
Mires PLB060002

Polesie Bug River 
Valley PLH060032

Chełm Mires 
PLH060023

UroczyskaLasów- 
Strzeleckich- 
PLH060099

6

In total 28 21

49 study plots (circles) were selected on permanent grasslands, with eight or nine 
repetitions in six groups. Five groups differed in terms of the centre of an plot in 
various types of natural habitats or in terms of the implementation of various 
variants of agri-environmental programme for the years 2007-2013 and different 
terms and frequencies of applied pratotechnic procedures, especially mowing. 
The sixth group provided a control group – the centre of an area was located on  
a plot used in a conventional, moderately intensive manner. The selected groups 
are presented in the chart below, which describes the centre of a study plot where 
a monitoring transect of spiders and orthopterans was located.

▶  Fresh meadows of the Arrhenatheretalia order used extensively, mowed,  
included in Package 3. “Extensive permanent grasslands”. One or two swaths in 
a year, after 1 June.

▶  Fresh meadows of the Arrhenatheretalia order used extensively, mowed,  
under variants 4.1./5.1. “Protection of nesting habitat of birds”. One swath after  
1 August, without fertilisation.

Table 17. cd.

Macroregion/Mesoregion Number of 
study plots

Natura 2000 areas with study plots  
in mesoregions Number of 

study plots
on Natura 
2000 areasSpecial protection 

area (SPA)
Special area of 

conservation (SAC)
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▶  Fresh meadows of the Arrhenatheretalia order used extensively, mowed, under 
variants 4.7./5.7. “Semi-natural fresh meadows”. One or two swaths in a year, 
after 15 June.

▶  Wet meadows of the Molinietalia order, Calthion alliance or relating to, used 
extensively, mowed, under variants 4.6./5.6. “Semi-natural wet meadows”.  
One or two swaths in a year, after 15 June. 

▶  Semi-natural wet meadows with fluctuating water levels of the Molinietalia 
order, Molinion alliance or relating to, used extensively, mowed, under variant 
“Molinia and Cnidion meadows”. Mowing every second year, after 1 September, 
without fertilisation. 

▶  Meadows used in a conventional manner – without an agri-environmental 
programme, moderately intensive, mowed. Mowed two or three times a year 
and fertilised. In most areas from this group, there were fresh meadows of the  
Arrhenatheretalia order or relating to it. 

The distribution of 49 areas (circles) of an integrated environmental monitoring 
on permanent grasslands in physico-geographical regions is shown in table 17.  
The table includes a physico-geographical division by Kondracki (2002), verified 
and modified (Solon et al. 2014; General Directorate for Environmental Protection 
(GDOŚ) 2016) for the purposes of implementing the landscape audit included in the 
Landscape Act (Act 2015). The affiliation of study plots to the regions was described 
only on the basis of a layer of physico-geographical mesoregions made available by 
GDOŚ, without any additional analyses for plots designated in border areas.

Thirty three study plots were located in the Polesie physico-geographical subpro- 
vince, from which the majority (28) in the Western Polesie macroregion and five in 
the Volhynian Polesie macroregion (tab. 18). Eight were designated in the Lublin 
Upland (the Lublin-Lviv Upland subprovince), the Grabowiec Divisions mesoregion,  
in the border zone with Volhynian Polesie and the Dubienka Depression mesoregion. 
The next eight plots were selected from the south part of the Południowopodlaska 
Lowland macroregion (the Środkowopolskie Lowland subprovince), in the progla-
cial stream valley of the Wieprz River mesoregion and the Lubartów High Plain.

Over half of the monitored areas was designated in river valleys, particularly of 
the Bug and streams in its drainage basin (the Krzna, the Hanka, the Czapelka, the 
Krzywólka, the Żyława), a smaller number in the Wieprz valleys and streams in its 
drainage basin (Tyśmienica, Krzywa Rzeka). The majority of these was located on 
flood plains, some on overflood plains, and a part on drained valley mires (Starkel 
1980; GIS Mokradła 2006). Three areas were located in the vicinity of channels:  
the Wieprz–Krzna Channel and the Partyzantów Channel, one of them is a perigla-
cial plain near the Bug valley.
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A numerous group of study plots was located on the margins, less often in the  
vicinity of partly drained mires, including mires formed in depression in carbonates 
(e.g. Krowie Bagno, Bagno Bubnów, Julianów, Bagno Serebryskie).

Table 18. Location of study plots of an integrated environmental monitoring (of circles)  
in physico-geographical regions (Kondracki 2002; Solon et al. 2014)

Macroregion,  
physico-geographical region

Number of 
study plots

Location and number of study plots  
in a given location

Południowopodlaska Lowland (318.9) 8

Wieprz Glacial Valley (318.97) 3 Wieprz valley (3)

Lubartów High Plain (318.98) 5 Tyśmienica valley (2), mires in the Krzywa Rzeka 
valley (2), margins of the mire near Anielówka (1)

Lublin Upland (343.1) 8

Grabowiec Interfluves (343.18) 8 Krzywólka valley (6) and mires within its area (2)

Western Polesie (845.1) 28

Kodeń Plain (845.12) 3 valleys of : Krzna (2), the tributary of Czapelka (1)

Sosnowica Hollow (845.14) 3 Żyława valley (2), mire in the Tyśmienica valley (1)

Włodawa Hummock (845.15) 4 Wieprz–Krzna Channel area (2),  
Partyzantów Channel area, Hanka valley (1)

Łęczna-Włodawa Plain (845.16) 8

Krowie Bagno mire (2) and its margins (1),  
mires near Hańsk (1), margins of the Bagno 

Bubnów mire (3), margins of the Stawiska mire 
near Stary Brus (1)

Brest Polesie (845.17) 10 Bug valley (8), Ochoża mire (1), periglacial plain 
near Sławatycze (1)

Volhynian Polesie (845.3) 5

Chełm Hills (845.32) 2 Julianów mire (1), mire near Rożdżałów (1)

Dubienka Depression (845.33) 3 margins of the Bagno Serebryskie mire (2),  
margins of a mire near Turka (1)

19 monitored areas were designated within the Natura 2000 areas (tab. 19), in five 
special protection areas (SPA) and six special areas of conservation (SAC). Part of 
them was on the borders of SPA and SAC. Eight was located in SPA of the Middle 
Bug Rivery Valley. Some areas were located in a direct neighbourhood of the Natura 
2000 areas (e.g. SPA of Bagno Bubnów).
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Table 19. Location of study plots of an integrated environmental monitoring  
in the Natura 2000 areas

Physico-geographical 
mesoregion

Special protection area 
(SPA)

Special area of 
conservation (SAC)

Number of study 
plots

Wieprz Glacial Valley 
(318.97) – Lower Wieprz PLH060051 2

Lubartów High Plain 
(318.98)

Tyśmienica Valley 
PLB060004 – 1

Sosnowica Hollow 
(845.14)

Tyśmienica Valley 
PLB060004

Ostoja Parczewska 
PLH060107 1

Włodawa Hummock 
(845.15) Parczew Forests PLB060006 – 1

Łęczna-Włodawa Plain 
(845.16)

Polesie PLB060019 – 1

– Krowie Bagno PLH060011 2

Brest Polesie (845.17)

Middle Bug River Valley 
PLB060003

Polesie Bug River Valley 
PLH060032 5

Middle Bug River Valley 
PLB060003 – 3

Chełm Hills (845.32) – Nowosiółki (Julianów) 
PLH060064 1

Dubienka Depression 
(845.33)

Chełm Calcareous Mires 
PLB060002 Chełm Mires PLH060023 2
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Floral, habitat and landscape biodiversity identification was implemented as part 
of an integrated environmental monitoring which included the monitoring of birds 
and selected groups of invertebrates. The research was conducted on forty nine 
areas in the shape of circles with a 100 m radius and 3.14 ha area where perma-
nent grasslands were dominant. Their distribution is shown on fig. 41. In order to  
obtain data concerning floral, habitat and landscape biodiversity, and agricul- 
tural use, while taking into consideration the specificity of various organism groups,  
research was conducted through the following activities:

▶  Floral diversity identification. Lists of vascular plants growing on ten study 
quadrats measuring 1 × 1 m, spaced in a systematic manner within the borders 
of each circle, and an estimate of their quantity were prepared. Five fields were 
located closer to the spider and orthopterans monitoring transect around the 
middle Barber pitfall trap. The next five quadrats were further away from the 
centre, distributed on the outside of the circle (fig. 42, fig. 43). 

▶  Monitoring of the condition of natural habitats. Patch of plants where spider 
and orthopterans monitoring transect, used in a specified manner, was loca- 
ted – conventional and agri-environmental meadows (included in environmen-
tal packages AEP) – constituted a monitoring area of natural habitat condition  
(fig. 43). A fundamental tool for identification were phytosociological relevés,  
at least one of these was in immediate proximity to Barber pitfall trap (at a dis-
tance from 2 to 10 m), located in a place with abundant flora where a trap was 
installed. Also, for habitat monitoring areas, a range of indicators and agricultur-
al use history were determined. Plots integrated with invertebrates monitoring  
transects constituted part of a significantly greater net of natural habitat monito- 
ring. A detailed methodology of acquiring of the data is described in Section 2.3. 

▶  Inventory of non-forest plants and other landscape components. As a result of 
field identification, a mapping was performed over the whole area of the moni-

The methodology of an integrated monitoring  
of biological diversity

2.2. 

2.2.1.  The monitoring of a floral, habitat and landscape 
biodiversity in the circles of integrated 
environmental monitoring on meadows

Kamila Brzezińska, Beata Nasiłowska, Piotr Nasiłowski, Małgorzata Braun
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tored circle. Plant inventory included swards, meadows and non-forest wetlands 
(fig. 50). The remaining surface land cover categories such as arable lands or  
forests were described in a simplified manner. Determined linear landscape 
components (e.g. ditches, roads, avenues of trees) and point landscape  
elements (e.g. haystack, dump of stones, tree) (fig. 49). 

▶  Agri-environmental packages and variants in monitored circles. The involve-
ment of Package 3 was calculated n the monitored circles. “Extensive perma-
nent grasslands” and particular variants of Package 4. “Protection of endan-
gered bird species and natural habitats outside the Natura 2000 areas” and 5.  
“Protection of endangered bird species and natural habitats on the Natura 2000 
areas” of the RDP 2007–2013 agri-environmental programme, according to data 
from the Agency for Restructuring and Modernisation of Agriculture (ARMA) 
and environmental documentation made available by the Ministry of Agriculture 
and Rural Development (fig. 51).

Before starting the field work monitoring areas were selected, a detailed research 
methodology and field survey forms were developed, a set of necessary vector and 
raster layers for field GIS receiver (personal digital assistant) and orthophotomaps 
printouts with marked borders of study plots were prepared. 

Each contractor was equipped with, among others:
▶ a detailed methodology of work,

▶ field GIS receiver (personal digital assistant with GPS) with orthophotomaps  
and vector layers (designated study plots, identification points and templates  
of layers for recording location and information during field works), 

▶ field survey form printout: 
•   for an inventory of floral biodiveristy in quadrats measuring 1 × 1 m,
•   for recording phytosociological relevés,
•   for describing indicators for habitat monitoring areas,
•   for mapping plants in circles of a 100 m radius,
•   for mapping landscape components in circles of a 100 m radius,

▶ orthophotomap printouts for mapping with marked circle borders and pasted 
films, and a set of permanent markers,

▶ folding rulers – for designating quadrats measuring 1 × 1 m,

▶ other materials necessary for habitat monitoring (described in Section 2.3).
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2.2.1.1.  Floral diversity identification

Location of research quadrats of floral biodiversity was of random and systematic 
nature, and was described at the stage of preparatory works. For all circles of a 100 m  
radius, the distribution of ten quadrats was designed, which were marked with  
capital letters (fig. 42, fig. 43). Five of the quadrats were designated 25 m from circle 
centre and another five at the distance of 75 m. The distance separating quadrats 
corresponded to a constant angle of 35 degrees.

Fig. 42. The distribution of quadrats for floral biodiversity monitoring (1 m2) in the circle of an integrated 
environmental monitoring (Foundation – orthophotomap: Central Geodetic and Cartographic Resource)

Monitored area no: 4PPTAra

KIK/25 – Monitoring

Key:
1x1 m quadrat
the radius is set every 36° 
circle with a 50 m radius 
circle with a 100 m radius

Fig. 43. The distribution of quadrats for floral biodiversity monitoring (1 m2), areas for habitat condition 
monitoring and phytosociological relevés in regard to Barber pitfall traps (Foundation – orthophotomap:  
Central Geodetic and Cartographic Resource)

KIK/25 – Monitoring

Monitored area no: 4PPTAra

Key:
phytosociological relevés 
1x1 m quadrat 
Barber pitfall trap
circle of avifauna and butterflies 
monitoring 
habitat monitoring area

Sławatycze Commune

Sławatycze Commune



166 167

During the field research, the contractor had an option to shift the quadrat slightly 
along the designated radius only when it was located on the border of various types 
of land cover (e.g. meadow and arable land) or in the place of linear components 
such as ditches, roads, avenues of trees or local, non-homogeneities, for example 
haystack, dump of stones. 

The monitoring was performed during high growing season before the meadows 
were mowed. Before starting the identification, the borders of a study quadrat were 
marked with folding rulers to make an area under identification equal 1 m2 (fig. 44, 
fig. 45).

Fig. 44. The manner of indicating of a 1×1 m study 
quadrat – general view

Fig. 45. The manner of indicating of a 1×1 m study 
quadrat – top view

In the indicated quadrat, the following information was specified and entered into 
the field survey form:
▶ date of identification;
▶ landscape category (according to tab. 21 or tab. 22);
▶ percentage cover through:

•   vascular plants, 
•   bryophytes and lichens,
•   crop residue, dead biomass and litter,
•   bare soil,
•   water level,

▶  a list of vascular plant species and the area covered by each of them in percent-
age scale (the lowest accepted value – 0.1% = 10 cm2).

Trees and shrubs which tops were over the quadrat were also included while esti-
mating the area covered by particular species.
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While developing the methodology for species diversity research on the areas of 
integrated natural monitoring, the methodology applied in plant, bird and butterfly 
research in Romania was used as a model (Loos et al. 2015). Performing research 
in one metre quadrats while assessing the indicators of phytocoenosis species  
diversity was also recommended in other parts of the world (e.g. the USA – Loos 
et al. 2015 after Stohlgren et al. 1997), and also in Poland (Żołnierz 2007). A great 
advantage of the selected quadrat distribution methodology is that it meets the 
conditions of random area selection, and the possibility to adjust all results to 
two spatial scales. Data on floral biodiversity obtained from five quadrats located 
closer to Barber pitfall traps can be used as reference to invertebrate biodiversity  
monitored along the transect located in the area centre (e.g. spiders, orthopterans).  
By contrast, the data from all ten research quadrats can be compared to avifauna 
and butterfly biodiversity in the whole circle with a 100 m radius. 

2.2.1.2.  Mapping and inventory of non-forest plants and other 
landscape elements

The inventory included swards, meadows and non-forest wetlands and grasslands 
in different succession stages in the direction of tall herbs and forests. 

The basis for plant identification was physiognomic and species criterion based 
on specific combination of species according to the Guide to identifying the plant  
communities in Poland (Matuszkiewicz 2012), including the diagnostic, constant 
and dominant species designated due to syntaxonomic revision conducted a few 
years ago (Kącki et al. 2013). The patches were identified to the rank of plant  
alliance. In the case of lack or small occurrence of characteristic and distinguishable 
species for the alliance, the plants being mapped were classified in orders or even in 
classes of communities. The abundance of particular species was determined with 
the use of modified Tansley scale (Tansley 1946; Stohlgren 2006) (tab. 20).

The methodology of plant inventory was developed on the basis of guidelines 
for an inventory of valuable natural habitats in an agricultural landscape of the  
Mazowieckie Voivodeship, defined as part of the “Providing tools for the identifica-
tion of wetlands and swards in agricultural landscape” (Piórkowski 2011; Wetlands 
and swards in the Mazowieckie 2016). 
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Table 20. Modified Tansley scale (1946)

Designation Explanation

d dominant, species completely overtook other species, cover exceeds 50% of a patch area

c ang. codominant, species co-dominates with other species, cover between 25–50%  
of a patch area

a ang. abundant – species is numerous, high abundance, but not co-dominates, cover exceeds 
25% a monitored patch

f ang. frequent – fairly high degree of occurrence, abundant

o ang. occasional – species occurs scattered, here and there on a plot, 

r ang. rare – rare species, singular specimen occurring only in few places

s ang. sporadic – species occurs rarely, singular specimens in a whole patch

ld local dominant (cover exceeds 50% of an area locally)

lc co-dominates locally (cover between 25–50% of an area)

la locally abundant

lf locally frequent

The results of the mapping were marked on an orthophotomap at a scale 1:1500 
or 1:2000 (fig. 46) during field works by designating habitat patches of an area no 
smaller than 1 are and width of at least 5 m. Individual divisions (polygons) were 
made for stands which differed in terms of syntaxon, physiognomy or agricultural 
use.

Fig. 47. Field survey form for plant inventoryFig. 46. Plant and landscape element mapping on 
orthophotomap
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A point was marked inside each polygon with the use of a personal digital assistant 
(according to GPS co-ordinates in the field). The following information was provided 
in the attribute table of the point layer: circle identifier, point number and land-
scape category (according to tab. 21). The contractor also had a working linear layer 
in a personal digital assistant, which was useful while marking the borders of sepa-
ration (the line was drawn over the route).

The findings of plant inventory (fig. 47) were recorded in a field survey form.  
The following had to be provided:

▶ mapping date,
▶ circle identifier,
▶ point number, 
▶ category code of area cover (according to tab. 21).
▶ dominant species and its abundance according Tansley scale – d, c, a, ld, lc,  

values (according to tab. 20),
▶ characteristic and distinguishable species, in the following arrangement: alli-

ance (All), order (O), class (Cl), for diagnosed syntaxon and syntaxons to which it  
referred. For characteristic and distinguishable species of particular alliances or 
orders, the whole stand had to be provided using Tansley scale (tab. 20),

▶ as well as phytosociological diagnosis and, if necessary, syntaxon/syntaxons to 
which the plants refer – specified on the basis of confirmed species,

▶ Natura 2000 code of the habitat
▶ protected plant species, rare, endangered on a regional, national scale (accor- 

ding to Zarzycki, Szeląg 2006; Kucharczyk 2010; Regulation 2014) and their num-
ber on a patch according to Tansley scale, 

▶ invasive species – geographically alien species (according to Tokarska-Guzik et al. 
2012) and their number according to Tansley scale,

▶ Native, green expansive species for diagnosed habitat and their number accor- 
ding to Tansley scale,

▶ expansive species of shrubs and trees, their number according to Tansley scale,
▶ agricultural use assessed with reference to previous years according to the  

categories: KZ – mowing usage, left biomass, KB – mowing usage, harvested  
biomass, KM – mowing usage, mulched biomass (left pulverised), P – grazing  
usage, KP – mowing and grazing usage, N – not utilised.
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Table 21. Landscape categories of area cover for inventoried non-forest plants

Code Feature

TUZ permanent meadows and pastures, characterised as grasslands for at least 5 years 

OUZ renewable permanent grasslands, meadows established from one to five years ago, e.g. on former 
arable lands 

SZ reed beds

M swards

ZI tall herbs growing on former meadows 

LK 
MK
SZK 
ZIK

meadows and pastures/ swards/ reed beds/ tall herbs with shrubs and tree saplings
The data on dominating species of shrubs and tree saplings, shrub area share and symbol corresponding 
to an average height of shrubs or tree saplings was also provided, i.e.:
1 – height up to 2 m
2 – height between 2 and 5 m 
3 – height exceeds 5 m

IN other

The categories of land cover were assigned primarily on the basis of vegetation 
physiognomy. In some situations, it was acceptable to phytosociologically classify  
a unit as, e.g., a meadow community but physiognomically as SZ – reed bed, if there 
was a dominance of tall sedges with meadow species in the lower layer. 

At least two photographs were taken of each mapped patch of vegetation, showing 
the green growth and overview of the community.

The remaining landscape features were marked on an orthophotomap analogously 
to vegetation inventory but with a different marker colour and separate number-
ing with the symbol K. Linear and point landscape features were also mapped.  
Locations of the mapped features 
were recorded in the point layer  
using a palmtop with GPS. Informa-
tion about the circle identifier, point 
number and landscape code were 
also included in the layer (tab. 22, 
tab. 23 and tab. 24). 

The list of land cover categories  
(tab. 21, tab. 22, tab. 23 and tab. 24)  
was prepared on the basis of the 
methodology used in the landscape 
monitoring carried out as part of the  Fig. 48. Inventory form of landscape features
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monitoring of the environmental impacts of the agri-environmental programme  
(cf. section 1.1.4; Rycharski, Oświecimska-Piasko 2012). 

Table 22. Landscape categories of land cover for features with an area over 1 are (100 m2)  
not included in the vegetation inventory

Code Feature

W ponds and artificial water bodies with an area over 100 m2

SW in-field waterholes with an area over 100 m2

ST oxbow lakes with water with an area over 100 m2

GO arable lands: areas under constant mechanical cultivation; type of crop and information that the land 
is fallowed should be provided 

P fields of hop plants, osiers, pine trees, tree and ornamental shrub nurseries, etc.; dominant species  
of trees and shrubs and height on a three-point scale should be provided 

OD set-aside lands: arable lands excluded from use, without tree and shrub wildings; dominant species 
should be provided

TGO grasses, grass and legume mixes on arable lands; dominant species should be provided

ODK set-aside lands with shrubs or tree saplings; percentage of shrub cover, dominant species of shrubs  
and tree saplings and average height on a three-point scale should be provided 

DK clusters of trees with an area over 100 m2 which do not form a line or a lane; dominant species  
of shrubs and tree saplings and their average height on a three-point scale should be provided

LS forests, including sapling stands; dominant species of trees and shrubs should be provided 

B urbanised lands (residential areas excluded from agricultural production, recreational areas, etc.) 

IN other

The codes of some linear landscape features (tab. 23) included the width of the 
features according to a three-point scale:
▶ 1 – average width up to 1 m,
▶ 2 – average width over 1 to 3 m,
▶ 3 – average width over 3 m.

The code of a landscape feature and additional characteristics should be provided 
in the field survey form (fig. 48), e.g.:
▶ average height of shrubs and trees according to a three-point scale:

•   1 – average height up to 2 m,
•   2 – average height over 2 to 5 m,
•   3 – average height over 5 m.
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▶  estimated depth of a ditch within one of three ranges: 
•   up to 0.5 m,
•   0.5–1 m, 
•   more than 1 m.

▶  passability of a ditch assessed on the following scale: 
•   1 – passable, water flows,
•   2 – passable, water level below the ditch bottom,
•   3 – impassable (e.g., overgrown or blocked), water stagnates in the ditch,
•   4 – impassable, water level below the ditch bottom.

Additionally, for each inventoried circle, photographic documentation should be 
produced of at least three landscape features and at least two photographs of the 
overall view should be taken, showing the landscape with its characteristic and 
dominant features and the visible horizon.

Table 23. Landscape codes for linear features or linear polygons (surface mapping of linear 
features with a width of 5 m or more and an area over 100 m2) not included in the vegetation 
inventory

Code Feature

Z tree lines – single or multiple lines of trees or shrubs with an up to 20 m distance between trees/
shrubs. The minimum number of trees or shrubs in a line was 3. Dominant species and height on  
a three-point scale should be provided.

R1 
R2 
R3 

ditches 
Codes R1, R2 or R3 were assigned on the basis of the width at the crown of a ditch according to 
the adopted scale. Information about the depth and passability of a ditch according to the adopted 
scales should be provided.

ZR1
ZR2
ZR3

lines of trees or shrubs near ditches
Codes ZR1, ZR2 or ZR3 were assigned on the basis of the width at the crown of a ditch according to 
the adopted scale. For ditches – information about the depth and passability of a ditch according to 
the adopted scales was provided.
For trees and shrubs – dominant species and their height on a three-point scale should be provided.

R1D 
R2D 
R3D 

ditches with single trees or shrubs 
Codes R1D, R2D or R3D were assigned on the basis of the width at the crown of a ditch according to 
the adopted scale. For trees and shrubs – dominant species and their height on a three-point scale 
should be provided.
For ditches – information about the depth and passability of a ditch according to the adopted scales 
was provided.
When mapping ditches with single trees or shrubs, individual trees and shrubs were not mapped, 
except for trees taller than 5 m.

RZ1 
RZ2 
RZ3

rivers, streams – natural and engineered, seasonal watercourses
Codes RZ1, RZ2 or RZ3 were assigned on the basis of the watercourse width according to the 
adopted scale.

DR1 
DR2 
DR3 

roads, paths
Codes DR1, DR2 or DR3 were assigned on the basis of the road width including the roadside.  
The type of road surface was also provided.

O fences
The average height and type of fence were provided.

LE power lines 
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Table 24. Landscape codes for point features

Code Feature

D single tree, shrub or a concentration of trees and shrubs with an area of less than 1 are (100 m2), if their 
crowns are closer than 5 m
Dominant species and height on a three-point scale were provided.
If the distance between trees/shrubs was larger than 5 m, another point should be mapped.
Within shrub-covered non-forest patches (LK, MK, SZK, ZIK), only trees taller than 5 m were mapped 
as separate landscape points (with the symbol D). Analogously for lines marked as RD – ditches with 
single trees or shrubs – only trees taller than 5 m were mapped as separate points with the symbol D

K pile of fieldstones

E spring seepage area – an area where groundwater seeps to the surface in the form of springs, seeps, 
etc.

S noticeable depressions, waterholes or oxbow lakes with an area of less than 1 are

IN other

2.2.1.3.  Analysis of the obtained data 

The information on flora diversity collected in the field, phytosociological relevés 
and descriptions of indicators produced from the monitoring of the state of natu- 
ral habitats were entered into databases in the Turboveg programme, which is 
commonly used in Europe to archive and process collections of phytosociologi-
cal relevés (Dzwonko 2007 after Hennekens, Schaminée 2001). The data obtained  
during the mapping and inventorying of vegetation and other landscape features 
were digitised and entered into a GIS spatial database (fig. 49, fig. 50). Informa-
tion on the implementation of various agri-environmental variants (fig. 51) and the  
categories of land cover in individual circles of the integrated environmental moni-
toring was calculated and recorded in the attributes in a GIS data table. 

The aim of the analysis of the obtained data is to evaluate the relationships  
between the diversity of flora and the diversity of individual animal species, inclu- 
ding the diversity of natural habitats and the landscape, in relation to agricul- 
tural use. The primary objective is to specify the effectiveness of the implementa-
tion of individual agri-environmental variants in the conservation of biodiversity.  
We assess the impact (or lack thereof) of the measured environmental parameters 
and the characteristics of the surroundings on the values of biodiversity indicators, 
species composition and the abundance of various groups of species. Relation-
ships in terms of both species diversity and functional diversity are studied – e.g.,  
the percentage of rare species in comparison to common species, typical for  
meadows or undesirable, or species with different life strategies.
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Fig. 49. Mapped categories of land 
cover in a circle of the integrated 
environmental monitoring 
on meadows (Foundation – 
orthophotomap: Central Geodetic 
and Cartographic Resource)

KIK/25 Inventory

Inventoried area no.: 4PPT
Sławatycze Commune

single tree or shrub (D)
clusters of shrubs (DK) 
meadow with shrubs (LK) 
forest (LS)
reed bed (SZ)
permanent meadows and pastures (TUZ)
herb vegetation with shrubs (ZIK) 
inventoried area

Key:

Fig. 50. Mapped non-forest 
vegetation in a circle of the 
integrated environmental 
monitoring on meadows  
(Foundation – orthophotomap: 
Central Geodetic and Cartographic 
Resource)

Arrhenatheretalia
Filipendulion
Molinion
Molinietalia (other) 
Magnocaricion 
Phragmition 
clusters of shrubs 
forest
inventoried area

KIK/25 Inventory

Inventoried area no.: 4PPT
Sławatycze Commune

Key:

Fig. 51. Agri-environmental 
variants implemented in a circle 
of the integrated environmental 
monitoring on meadows
(Foundation – orthophotomap: 
Central Geodetic and Cartographic 
Resource)

agri-environmental variant “Protection 
of nesting habitats of birds”
agri-environmental package “Extensive 
permanent grasslands”
circle of avifauna monitoring
record plot

KIK/25 Inventory

Inventoried area no.: 4PPT
Sławatycze Commune

Key:
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2.2.2.  Soil survey

Marek Rycharski, Hubert Piórkowski, Mariya Dubil 

One of the elements of the integrated environmental monitoring carried out as 
part of project KIK/25 was a soil survey conducted in all 49 areas on permanent 
grasslands in their central sections. The aim of soil research was to obtain additional  
information (supplementing the data from vegetation monitoring) for the assess-
ment of the state of the monitored natural habitats and the characterisation of 
their soil and habitat conditions. The scope of the research included a survey of the 
types and selected physical properties of surface formations, identification of the 
current processes of soil formation and types of soil, verification of the content of 
plant nutrients in soil at the root level and a rudimentary survey of the moisture and 
water conditions of the monitored natural habitats, among others.

Soil fertility, especially the abundance of nutrients at the root level, determines 
the growth rate and quality of plants. Nutrients occur in soil in different forms and 
those that are most important for plants are the so-called assimilable forms found 
in soil solution, soil exchangeable complex and as slightly soluble salts (Grzywna 
2014). The capacity of plants to take up nutrients is determined by, e.g., the soil 
moisture and aeration, pH and ion ratios. Nitrogen, phosphorus, potassium, calcium 
and magnesium have the most influence on the growth of plants.

As part of preparatory work, literature and cartographic materials on the diversity 
of soil cover in the Lublin Voivodeship were collected and analysed (Pałys 1980; 
Guz 1995; Grzywna, Urban 2006; Borowiec et al. 2007; Grzywna 2014). A digi-
tal soil and agriculture map with a scale of 1:5000 provided by the Voivodeship  
Centre of Geodetic and Cartographic Documentation in Lublin contains detailed  
spatial data on the soils in the region. It includes complexes of agricultural  
suitability, types, subtypes and grades (granulometric composition) of soils and  
locations of reference soil pits.

For the purposes of fieldwork, a set of vector and raster data for the GIS receiver  
was prepared, necessary to precisely determine the locations of research sites  
according to the adopted assumptions, which included: vector layers with the loca-
tions of Barber pitfall traps (sites for monitoring arachnofauna and orthopterans), 
results of the inventory of plant communities, the boundaries of the monitored 
plots, soil and agriculture layers, orthophotomaps and detailed topographic maps. 
Moreover, a field survey form was prepared and adapted for the planned scope of 
the soil analysis.
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The sites where soil survey was conducted in the areas of the integrated environ-
mental monitoring were located in the close vicinity of the transects of the moni-
toring of arachnofauna and orthopterans. According to the adopted assumptions, 
every site was located:

▶  as close as possible to the central Barber pitfall trap but not closer than 5 m from 
the transect line,

▶  in the same patch of vegetation as the centre point of the transect and, at the 
same time, in a place representative of the characteristics of this community,

▶  within the boundaries of the area of the monitoring of the state of habitats.

The locations of research sites were determined using a GIS receiver with a set of 
essential data and on the basis of field observations. After the locations of research 
sites had been determined, it was vital to precisely record their geographic coordi-
nates.

Due to the agricultural use of the area, the presence of environmentally valuable 
habitats and the monitoring of other elements of the environment, the scope of 
fieldwork was limited to the necessary minimum, focusing on a more detailed sur-
vey of the properties of soil at the root level which condition the growth of plants. 
Shallow 30 × 30 cm soil pits with a depth of 50 cm were dug at the designated sites 
and photographic documentation of the upper soil horizons was produced. In order 
to gain information on the heterogeneity of the lower parts of soil profiles and to 
measure the depth to water table, drilling with hand augers was performed at the 
bottom of the soil pits: in mineral and organic-mineral formations – with an Edel-
man auger, in organic formations – with an Instorf corer. The drilling reached the 
depth (relative to the surface level) of 150 cm in non-organic soils, 130 cm in organic 
soils, or a shallower depth in the case of, e.g., relatively shallow occurrence of highly 
hydrated sand and gravel formations or highly cohesive formations.

At every research site, soil horizons (with properties determined mostly by the pro-
cesses of soil formation) and lower soil layers (with properties related to lithoge- 
nesis) were surveyed and described on the basis of the vertical heterogeneity of the 
soil profile. The properties included in the scope of the survey were those proper-
ties that are normally included in field soil research, as listed in section 1.1.2. The 
research was conducted using macroscopic and organoleptic methods (Wicik 2006).

The survey and description of profiles were performed according to the soil survey 
form. Soil horizons and layers were designated by symbols commonly used in soil 
science. The types of soil were identified according to the Polish Soil Classification 
(2011) on the basis of specific configurations of the main horizons and the most 
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relevant properties of complete soil profiles. If the features of the main process of 
soil formation and the features of another process overlapped, a soil subtype was 
identified. 

Soil samples for laboratory testing were taken at all 49 research sites. The material 
was extracted at a depth of 10–20 cm and 30–40 cm from a soil pit and from two 
shallow drilled holes whose locations were chosen at random about 1 m from the 
soil pit. A 0.5 kg mixed sample was prepared from samples extracted at a given 
depth.

Physical and chemical analyses of the soil samples were carried out in the Environ- 
mental Chemistry Research Laboratory at the Institute of Technology and Life Sci-
ences in Falenty. The samples were prepared for testing in accordance with stan- 
dard PN-ISO 11464:1999. They were tested for pH, electrical conductivity, organic 
carbon (Corg) and the total content of selected macroelements and their soluble 
forms (tab. 25). Tests for Corg and the total content of selected macroelements were 
performed only on samples extracted at 10–20 cm. Active acidity was determined 
in the soil fresh mass, while the other parameters in air-dry samples prepared for 
testing. The content of soluble forms of minerals was determined in a water extract 
(Luscombe et al. 1979; Pierzynski 2000). 

Table 25. Scope and methods of the laboratory testing of soil samples

Tested parameter Measurement method Method description

active acidity potentiometric Sapek, Sapek (1997)

exchangeable acidity potentiometric PN-ISO 10390 (1997)

electrical conductivity conductometric PN-ISO 11265+AC 1 
(1997)

organic carbon (Corg) colorimetric (based on Tiurina) Sapek, Sapek (1997)

Total content of some macroelements:

total nitrogen (N) segmented flow analysis (SFA) (based on the modified 
Kjeldahl method) PB/31/03 (2014)

total phosphorus (P) segmented flow analysis (SFA) PB/31/02 (2014)

total potassium (K) flame atomic emission spectrometry (FAES) PB/31/02 (2014)

total calcium (Ca) 
total magnesium (Mg) flame atomic absorption spectrometry (FAAS) PB/31/02 (2014)

Content of water-soluble components:

N–NO3, N–NH4, P–PO4 segmented flow analysis (SFA) PN‒EN 13652 (2002)

K flame atomic emission spectrometry (FAES) PN‒EN 13652 (2002)

Ca, Mg flame atomic absorption spectrometry (FAAS) PN‒EN 13652 (2002)
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The results of laboratory tests were the basis for the verification of the field survey 
of upper soil horizons and soil subtypes.

The data from soil survey forms, the results of laboratory tests and the informa-
tion from the soil and agriculture map about the plots where the monitored sites 
were located were entered into an overall database in MS Excel. Every site was 
supplemented with information about the represented form of the lay of the land 
and the transformations of the hydrographic network in the area of the research.  
Descriptive and numeric data are complemented with photographic documen- 
tation.

After organising the data according to the agri-environmental variants implemen- 
ted on the monitored plots, characteristics were prepared of the soil and habitat 
conditions of individual natural habitats in terms of the diversity of the types and 
subtypes of soil and its selected properties. Selected elements of the soil cover 
characteristics, those that were considered as the most important, were added to 
the vector layer of field sites and included in the GIS database of the integrated 
environmental monitoring.
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2.2.3.  Monitoring of the diversity of spiders 
and orthopterans

Marzena Stańska, Izabela Hajdamowicz, Andreas Hirler, Paweł Radzikowski

The monitoring of the diversity of spiders and orthopterans was conducted on  
arable lands and permanent grasslands. 

The research on arable lands was carried out in crops with different species of win-
ter cereal from 2012 to 2015. In the subsequent years of research, the monitored 
areas were located on different plots which were however close to one another. 
Due to crop rotation, the number of monitored areas was not the same every 
year. A total of 14 areas in the organic system and 14 areas in the conventional 
system were selected. The areas in both systems had light soil with a low content of  
macroelements. The amount of synthetic mineral fertilisers used in the conventio- 
nal system was small. Chemical plant protection in this system was usually lim-
ited to one or two applications per year and insecticides were not used at all.  
The number of mechanical procedures was also low. The conventional areas were 
usually characterised by low-intensity management. Synthetic mineral fertilisers  
and chemical plant protection products were not used on organic fields. However, 
the use of mechanical weed control procedures on these fields was more extensive 
than on conventional fields. 

The research on permanent grasslands was conducted also during four seasons but 
in 2013–2016. The scope of the research included six types of subjects, according to 
the outline presented in section 2.1: fresh meadows (four types of use), wet mead-
ows and Molinia meadows. Eight representative areas were selected for each type. 

Every year in selected areas, biological material was collected at designated sites 
using a sweep net and Barber pitfall traps. 

A sweep net with a heart-shaped rim and two straight edges facilitating the collec-
tion of invertebrates from low-growing vegetation was used in the research (fig. 52).  
Samples were taken along two 20 m straight lines (transects). Plants were struck 
25 times along each line while walking with constant speed. The lines ran para- 
llel on both sides of Barber pitfall traps and sweep netting was carried out about 
5 m from the lines. Whenever possible, the collection of insects proceeded up-
wind and a single strike and then sweep with the net covered an arc of 120–150° 
in order to cover a large patch of vegetation. When taking samples, the rim of the 
net was positioned parallel to the ground surface so that the material inside the 
net would not fall out during the next sweeping motions. The net bag was closed  
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immediately after the last 
strike in order to prevent the 
captured invertebrates from 
escaping, especially those 
that run fast or fly. The mate-
rial from the bag was moved 
to a container with denatured 
alcohol (75%) using a wide 
funnel to prevent any loss 
of the material. A label with  
information about the place, 
date, method of collection 
and the person taking the 
sample was placed inside 
the container. This informa-
tion was also placed on the 
lid of the container. Samples 
were taken eight times a year:  
in cereal – twice in April,  
May, June and July, and on 
meadows – twice in May, 
June, July and August.

Invertebrates inhabiting litter, soil surface and low-growing vegetation were cap-
tured using Barber pitfall traps. This qualitative and quantitative method is very 
effective in the assessment of terrestrial fauna. Every trap consisted of a 330 ml  
container with a diameter of 84 mm and a circular cover with a diameter of  
15 cm (fig. 53). Plastic containers with smooth walls were used in the research, 
which were buried in the ground with their rims at surface level. The traps were 
set by digging a small hole where the container was inserted in such a way that 
its rim was level with the soil surface. A transparent plastic cover was placed 
over the trap at the height of about 3 cm, which protected the contents of the 
trap against precipitation and prevented undesirable organisms from ente- 
ring the trap (e.g., amphibians or small mammals). 1/3 of the container was filled 
with Borygo Eko liquid (solution of propylene glycol). A small amount of deter-
gent (dishwashing liquid) was added to the liquid to reduce its surface tension 
and speed up the drowning of small invertebrates. The use of propylene glycol 
allows for the preservation of specimens by preventing their decomposition and 
eliminates the possibility of the captured animals to eat one another. During the 
research, pitfall traps were positioned in a straight line every 5 m in cereal and  
every 10 m on meadows. The traps were left in the ground for a period of 2 weeks.  

Fig. 52. Sweep net with a heart-shaped rim
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In every area, 3 pitfall traps were placed 10 m from one another in cereal and 20 m 
on meadows. Material from the pitfall traps was collected four times every year –  
in cereal from April to July, and on meadows from May to August.

Fig. 53. Diagram of a Barber pitfall trap
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2.2.4.  Monitoring of the diversity of butterflies

Grzegorz Kaliszewski, Krzysztof Pałka, Kamila Brzezińska

Butterflies are a popular object of study, which is often due to the fact that adult 
specimens (imagines) are active during the day and, in most cases, their lifestyle 
allows for simple and direct observation. Only some species, those that live among 
tree branches, are difficult to register.

Butterflies have more or less clearly defined preferences in respect to the types of 
biotope. We distinguish between ubiquitous (eurytopic) species, which are found 
in different habitats, and specialised (stenotopic) species associated with a specific 
type of habitat. Due to their mobility, i.e., a trait specifying their attachment to the 
habitat and ability to spread, butterflies can be divided into three types. One of 
them are closed populations formed by sedentary species. Flights between their 
populations are infrequent and adult specimens are often found in large amounts 
within a small area which has appropriate resources for both imagines and larvae. 
More mobile species form open populations. Butterflies can move between diffe- 
rent types of resources, e.g., areas with pollen plants for adult species and with  
caterpillar host plants. It is difficult to define boundaries between individual colo-
nies of such butterflies. Species that form migrating populations are characterised 
by the highest mobility. Their representatives can be found over a very large area 
during a single season and the next generations can live at a distance of even seve- 
ral thousand kilometres (Sielezniew, Dziekańska 2010). Information such as the type 
of population formed by a given butterfly species, the habitat it lives in, what plants 
its larvae feed on, which flowers are visited by imagines, whether it lives in sym-
biosis with other insects constitutes data that must be taken into account in the 
development of the monitoring of butterflies (fig. 54).

The survey of the Rhopalocera butterflies in project KIK/25 was carried out in sele- 
cted areas of the integrated environmental monitoring on permanent grasslands 
within circles with a radius of 100 m. Many butterfly species are associated with 
open meadows which are diverse in respect to humidity, type of use or altitude.  
Mires, Molinia meadows, mowed fresh meadows or grazed xerothermic swards are 
only some of the habitats inhabited by many of the stenotopic species of butterflies 
mentioned above, which often form closed populations. Most butterfly species of 
conservation concern in Poland live on semi-natural meadows. The survival of these 
insects requires not only mowing and grazing but also a strictly defined timing and 
frequency of these procedures. For instance, observations of the marsh fritillary 
(Euphydryas aurinia) show that the highest abundance of this species is found on 
meadows after three years of the abandonment of use (Pałka 2010).
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Inventory of butterflies on arable lands was not carried out due to the fact that 
these ecosystems create favourable conditions only for crop pest butterflies and are 
characterised by low species diversity within this order of insects.

Twenty five areas (circles) were selected out of forty nine areas of the integrated  
environmental monitoring located on permanent grasslands, five areas in each of 
five groups diversified in terms of the position of the centre of the circle on wet 
meadows, meadows with fluctuating water levels or fresh meadows and the inten-
sity of agricultural use. Detailed characteristics of the groups of meadows is pre-
sented in section 2.1. The scope of the survey of butterflies did not include the 
group of fresh meadows included in Package 3 “Extensive permanent grasslands”.

The following aspects were taken into consideration in the selection of research 
circles: 

▶  percentage of the habitat were a transect of the monitoring of spiders and  
orthopterans was located (areas with a larger percentage of this habitat were 
preferred), 

▶  easy road access,
▶  diversity of phytocoenoses and the landscape (areas with higher diversity were 

preferred).

Fig. 54. Entomologist with an aerial insect net collecting butterflies
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The inventory of butterflies in every location was carried out within the entire area 
of the circle with a radius of 100 m, i.e., in an area of 3.14 ha, from May to the end 
of August, in the first and second half of each month, a total of eight times per 
season. This research schedule made it was possible to identify the full spectrum 
of butterflies occurring in these areas – from early spring species to autumn spe-
cies (Sielezniew, Dziekańska 2010). Low temperature, strong wind or heavy clouds 
usually limit the activity of butterflies, regardless of the time of day. The stan- 
dards stipulate carrying out butterfly counts between 10:00 and 16:00 with a fairly 
clear sky, appropriately high temperature (at least 17 degrees Celsius), light or at 
most moderate wind. The observations were conducted in the conditions speci-
fied above, which are suitable for butterfly activity. On hot days, the time frame  
of fieldwork was extended from 9:00 to 17:00 (Sielezniew 2012). The specified 
researched areas were treated separately in respect to the route of an surveyor.  
Special attention was paid to places that were convenient for butterflies to feed and 
lay eggs (fig. 55).

During fieldwork, every live butterfly observed in a given area as an imago (adult) 
or larva was marked. The occurrence of a given species was recorded and docu-
mented in the form of photographs. The abundance of the individual species in the 
researched areas was determined in relation to the whole season on a three-point 

Fig. 55. Eggs of the Alcon large blue (Phengaris alcon) on the marsh gentian (Gentiana pneumonanthe)
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scale: singular (1–3 specimens), infrequent (3–10 specimens), abundant – over 10 
specimens. The proposed pattern of fieldwork made it possible to obtain general 
data on the species composition of butterflies and their relative abundance in the 
researched area. A similar method was adopted to collect data on the incidence of 
butterfly species, for instance, in the research on lepidopterofauna in the Biebrza 
National Park in the 1990s. A four-point scale was adopted in that research and 
the criterion of species abundance used to determine incidence was the maximum 
number of specimens observed during one day (Frąckiel 1999). 

In addition, during every filed visit, areas that were mowed since the previous visit 
were marked on the print-outs of orthophotomaps in order to determine the inten-
sity of use and the time of mowing on grasslands in the researched areas.

The following equipment and materials were used in the field inventory:

▶ aerial insect net for capturing live butterflies (fig. 54),
▶ print-outs of orthophotomaps with researched areas to mark the locations and 

dates of the performed pratotechnic procedures (mowing and collecting swath),
▶ camera for photographic documentation and to take photographs of butterflies 

which were difficult to identify in the field,
▶ palmtop with a GPS receiver and preloaded vector layers with the boundaries  

of the researched areas, 
▶ keys for marking butterflies in the form of a book.

A list of butterfly species observed during the whole season was prepared for each 
researched area, which was later entered into an overall database in a MS Excel 
spreadsheet. The database contains a two-word Polish and Latin name of every spe-
cies and information about its abundance. Additionally, for each researched area,  
a list of butterfly species that could possibly occur in a particular area was prepared 
on the basis of the data on the distribution of butterflies in the region of Lublin 
(Buszko 2017) and the occurrence of caterpillar host plants. The lists of the species 
of host plants were prepared on the basis of the data obtained from the survey of 
flora diversity carried out in ten 1 × 1 m quadrats in every researched area and the 
plant species identified during vegetation mapping (cf. section 2.2.1).

Data on the dates and locations of mowing were digitised into a vector form (in the 
SHP format) in a GIS spatial database.

The collected data allow to formulate preliminary conclusions about the relation-
ships between the identified species and functional diversity (e.g., the percentage 
of eurytopic and stenotopic species or species that differ in their mobility) and the 
abundance of butterfly species and:



186 187

▶ types and diversity of plant habitats and flora diversity,
▶ presence and proportion of trees and other landscape features, 
▶ intensity of the agricultural use of meadows (percentage of the mowed area, 

number and dates of mowings),
▶ implemented variants of the agri-environmental programme,
▶ potential species diversity of butterflies.

In addition, the conducted survey of butterflies contributes to the advancement of 
the knowledge of the occurrence of rare species of butterflies protected in Poland 
and the species listed in Annex II to the Habitats Directive (fig. 56). 

The survey of butterflies in project KIK/25 was carried out only in 2016. 

In the case of monitoring butterflies over several years, certain modifications of 
the methodology are recommended. Instead of a three-point scale of abundance, 
a five-point scale should be used due to the need for more precise data. Moreo-
ver, a full description of the observed butterfly species and their estimated abun-
dance should be prepared during each field survey, and not only a summary list of  

Fig. 56. Euphydryas aurinia, a species protected by law, placed in the Red list of endangered and endangered 
animals in Poland, listed in the Habitats Directive and the Berne Convention. Confirmed on several positions 
during butterfly recognition conducted in 2016 in the Lublin Voivodeship
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species in the whole season. It will help to specify the changes in the abundance of  
butterflies during their appearance and to precisely determine the appropriate 
dates of the observation of particular species in the next years of research. It is  
recommended to conduct monitoring once every several years to verify what 
changes have taken place in the species composition and estimated abundance  
of butterflies in the researched areas (fig. 57).

Given an increase in time and resources spent on the monitoring, it is recommen- 
ded to carry out the butterfly count along a transect or as a point-based inventory. 
Results obtained by these methods can be used to draw conclusions both on the 
changes taking place in the species composition of butterflies and their abundance. 
It is recommended to conduct this type of monitoring every year. 

Assessment of the state of the population of adult insects using the transect  
method is the most well-known, professional and the most frequently used method  
of studying populations of butterflies. For instance, it is used in the monitoring 
of butterflies carried out as part of the State Environmental Monitoring in Poland 
(Sielezniew 2012a), in monitoring conducted in protected areas and in scientific 
research. A transect is a fixed observation route used for regular butterfly counts.  

Fig. 57. The Amanda’s blue (Polyommatus amandus) characterised by marked expansion in the territory of the 
Lublin Voivodeship
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It is established individually for every area, so that it traverses as diverse an area 
as possible. Usually it is not a straight line but a broken line or a curve. It can be 
divided into sections illustrating the diversity of habitats and their use. Monitoring 
consists in recording butterflies found in the space under observation while walk-
ing steadily along the transect, which should have a length of 200 m. Specimens 
found within a 5 m wide lane and at a distance of up to 5 m before and above the 
surveyor are included in the count. While walking, the surveyor flushes out the 
butterflies that sit on plants, which additionally increases the quality of the count.  
Comprehensive results are obtained by repeating counts at least once a week  
(in unfavourable conditions – not less frequently than once every 10 days). It is not  
an absolute counting method, as in the case of tagging specimens, but a relative  
method, in that it allows to obtain results in the form of an abundance index, i.e.,  
the sum of averages from individual weeks. This index is used mostly for making 
comparisons between the monitored seasons and, to a lesser extent, between  
the monitored sites (Sielezniew 2012a).

Point-based inventory is a stationary form of the transect method. It allows to  
obtain data that can capture the differences in the abundance of a given population 
between particular generations and seasons and, to a lesser extent, between par-
ticular sites. In consists in counting butterflies found in the space under observation 
within a specific time period and makes it possible to quickly switch between obser-
vation sites and to collect a lot of data in a relatively short time. The more points of 
observation within the boundaries of a given habitat, the more reliable the results. 
A point of inventory is a dome-shaped area with a radius of 5 m and the surveyor 
in its centre. Specimens found in this area within a specific time period are counted 
– e.g., 10 minutes per point. If research using this method is continued, it is reco- 
mmended to establish at least three points of counting in each researched area.  
As in the case of the transect method, the best results are achieved by conducting 
observations once a week. The data obtained from a point-based inventory can be 
used to determine the abundance index in the form of the sum of averages from  
individual weeks (Sielezniew, Dziekańska 2010). In order to carry out a butterfly  
count in the points of observation, a surveyor needs to move from one point to  
another. A more effective solution might be to establish a transect that traverses 
the locations of the points and to count butterflies along this line, i.e., using the 
transect method. The point-based inventory method is recommended in the case 
of a low density of the specimens of the studied species, e.g., the Danube clouded 
yellow (Colias myrmidone) in the Knyszyń Forest (Sielezniew 2012b).
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2.2.5.  Point-based monitoring of avifauna

Krzysztof Stasiak, Jarosław Krogulec

Monitoring of avifauna using the point-based method was conducted in 2015–2016 
at 68 points, including 20 points on arable lands and 48 on permanent grasslands 
(fig. 41). The methodology of point-based bird count was developed on the basis of 
the methodology used in the monitoring of the environmental impacts of the agri-
-environmental programme (cf. section 1.1.3.1).

Every point was surveyed twice in one season. The first count took place between 
15 April and 20 May, the second one between 20 May and 30 June. The counts were 
carried out from half an hour after sunrise to 10:00. Surveys were conducted at  
intervals of at least 4 weeks. Every survey was 10 minutes long. The obtained results 
were entered in a count form in the field (fig. 58).

The count included birds seen or heard from a given point, which were staying on 
the ground or in vegetation or flying (if they flew at an altitude of less than 50 m). 
The surveyor was required to record the species and the abundance of birds and 
to assign the observation to one of three distance categories: 0–50 m, 51–100 m, 
>100 m. Information on whether a given specimen was observed in flight or on the 
ground was also recorded. Caution was exercised during the research, in that if  
a surveyor suspected that a given specimen may have already been counted once, 
they did not record it again. The omission of birds flying at an altitude over 50 m in 
the counts excluded specimens that were only passing through the point of survey 
and are not related to the specific use of land in a given location. Broods were also 
omitted in the count as they were staying in the area only temporarily.

Since there is a highly significant positive correlation between the number of birds 
observed within a particular time period and the actual number of birds present 
in a given location, the results of the conducted monitoring provide an overview 
of the abundance of avifauna in the monitored areas. Further analyses included 
observations from ranges 0–50 m and 51–100 m, as the distance category >100 m 
is heterogeneous, mainly because there is no basis for comparing the results from 
this category between points located in a diverse environment (e.g., a large number 
of observed songbirds if there was a forest complex nearby).
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KIK/25 Point-based count form

Basic data

Full name
of the surveyor

Date of survey day/month/year Survey  
start time

Point coordinates format 
N52,25412 E14,12541

N E

Monitored point 
number

Results of counts at the points

No. Species Polish name 0–50 m from the point 51–100 m from the point >100 m from the point
on the 
ground or in 
vegetation

in flight but 
up to 50 m 
from the 
ground

on the 
ground or in 
vegetation

in flight but 
up to 50 m 
from the 
ground

on the 
ground or in 
vegetation

in flight but 
up to 50 m 
from the 
ground

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Fig. 58. Form used in the point-based count of birds in project KIK/25
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The main objective of the research was to assess the impact of specific pratotechnic 
procedures and the implementation of selected packages of the agri-environmen-
tal programme on the diversity of flora, nature value, state of preservation and  
changes in the plant cover of natural habitats on permanent grasslands. The basis 
for the monitoring of vegetation and the state of habitats were phytosociological  
relevés and selected indicators of the monitored areas evaluated during field  
research. An additional element of the survey was the assessment of the habitat 
productivity, the types of nutrients limiting plant growth and the feed value of hay 
in particular areas, determined on the basis of the extracted samples of phytomass.  
The monitoring of pratotechnic procedures was carried out through interviews with 
the owners of the plots. Information on the implemented packages of the agri- 
-environmental programme was obtained on the basis of the data provided by 
the Agency for Restructuring and Modernisation of Agriculture (ARMA) and the  
environmental documentation provided by the Ministry of Agriculture and Rural 
Development. 

Ares for the monitoring were selected both on meadows included in the agri-envi-
ronmental programme of the RDP for 2007–2013, where the so-called habitat or 
bird variants of ecological packages were implemented (Package 4 “Protection of 
endangered bird species and natural habitats outside of Natura 2000 areas”, Pack-
age 5 “Protection of endangered bird species and natural habitats in Natura 2000 
areas”) or Package 3 “Extensive permanent grasslands”, as well as on meadows 
used conventionally, without agri-environmental packages. The scope of the moni-
toring included mowed plots, mowed and extensively grazed plots, as well as those 
where management was abandoned. A list of the types of agricultural use taken 
into consideration in the selection of areas for the monitoring is provided in tab. 26. 

Monitoring of the impact of agricultural practices  
on natural and economic values of plant communities  
on permanent grasslands

Kamila Brzezińska, Beata Nasiłowska, Piotr Nasiłowski, Iwona Dembicz,  
Łukasz Kozub, Marek Czerwiński

2.3. 



192 193

Table 26. Types of agricultural use where areas of the monitoring of vegetation and the state 
of natural habitats were established

No. Part of the agri-environmental programme Predominant use

1

meadows in the 
agri-environmental 

programme for 
2007–2013

(cf. Regulation 
2013)

Packages 4 and 5,

habitat variants

(agri- 
-environmental 

habitat plots 
AEH)

variant “Moss fields” mowed every two years
after 15 July

2 variant “Molinia and 
Cnidion meadows”

mowed every two years
after 1 September 

3
variant 

“Thermophilous 
swards”

mowed once a year
after 15 July

4 variant “Semi-natural 
wet meadows” mowed once or twice a year,  

after 15 June
5 variant “Semi-natural 

fresh meadows”

7

Packages 4 and 5, 
“bird” variant

(agri- 
-environmental 
ornithological 

plots AEO) 

variant “Protection 
of nesting habitats of 

birds”

mowed once a year
after 1 August

8 Package 3, variant “Extensive 
management on meadows and pastures” mowed once or twice a year

9 conventional 
meadows 

(without agri- 
-environmental 

packages) 

extensive use mowed once or twice a year, 
usually not fertilised

10 moderately intensive use mowed two or three times  
a year, regularly fertilised

11 meadows where use was abandoned
 (without agri-environmental packages) not in use

In all types of use listed in tab. 26, the areas selected for the monitoring were areas 
that meet eligibility criteria for any of the following habitat variants of the agri- 
-environmental programme: 

▶ “Moss fields” – communities of the class Scheuchzerio-Caricetea nigrae (Nordh. 
1937) R. Tx. 1937 and related habitats;

▶ “Molinia and Cnidion meadows” – Molinia meadows with fluctuating water  
levels Molinion caeruleae W. Koch 1926, Cnidion alluvial meadows Cnidion dubii 
Bal.-Tul. 1966 and related habitats;

▶ “Thermophilous swards” – swards of the class Koelerio glaucae-Corynephoretea 
canescentis Klika in Klika et Novak, or Festuco-Brometea Br.Bl. et R. Tx. 1943,  
and related habitats;
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▶ “Species-rich Nardus swards” – communities of the order Nardetalia Prsg 1949 
or related ones;

▶ “Semi-natural wet meadows” – meadows of the alliance Calhion palustris R. Tx. 
1936 em. Oberd. 1957 and related ones; 

▶ “Semi-natural fresh meadows” – meadows of the order Arrhenatheretalia 
elatioris Pawł. 1928, representing mainly the alliance Arrhenatherion elatioris  
(Br.-Bl. 1925) Koch 1926 or related habitats.

The areas selected for the monitoring also included patches of vegetation of lower 
nature values, including typically productive grasslands, meadows with segetal or 
ruderal species and habitats with an expansion of undesirable species at various 
stages of succession towards tall-herb, reed and forest communities. 

The cycle of monitoring on plots in the habitat variants of the agri-environmental 
programme (AEH) included three research periods:

▶ before the implementation of a variant (based on phytosociological photo- 
graphs and indicators of the state of habitats from environmental documenta-
tion in years 2009–2010); 

▶ in the middle of the execution of an agri-environmental commitment, after two 
or three years of its implementation (2012–2013);

▶ after the end of a 5-year period of the execution of an agri-environmental  
commitment (2015–2016).

The areas for the monitoring in the habitat variants of the agri-environmental pro-
gramme were selected by drawing plots located in the Lublin Voivodeship. It was 
preceded by the development of a GIS spatial database with plots located in the 
voivodeship, for which in particular years (2009 or 2010) environmental documen-
tation was prepared a year before the start of the implementation of the habitat 
variants of the agri-environmental programme. A comparative analysis was then 
carried out of the data from the created database of AEH plots from the environ-
mental documentation and the data on agricultural plots where agri-environmental 
packages are implemented, obtained from the ARMA. In this way, plots present in 
both of these databases were identified, for which access was available to informa-
tion on species diversity before the start of the implementation of the agri-environ-
mental programme (on the basis of environmental documentation) and there was 
certainty that these are plots where agri-environmental variants are implemented 
(information from the ARMA database). The draw of AEH plots for the monito- 
ring was carried out separately for each agri-environmental variant from areas that 
meet the above criteria.
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The selection of areas for the monitoring for the remaining types of agricultural use 
(except for AEH plots) was preceded by an inventory and mapping of non-forest 
vegetation conducted the year before (fig. 59). The inventory of vegetation was 
concentrated within 9-hectare squares selected for the monitoring of avifauna on 
permanent grasslands (cf. sections 2.1), and it was carried out using the method 
described in section 2.2.1. The unit selected for the monitoring was expected 
to constitute one stand of vegetation, uniform in terms of agricultural use and  
phytosociological type. The selection was limited to up to three areas for each type 
of habitat, in a given group of use, within one square or its surroundings. In the 
case of conventional, moderately intensive meadows and plots in Package 3 of the 
agri-environmental programme, some areas were selected in other locations due to 
the insufficient number of stands available within the boundaries of the inventoried 
squares. The research conducted as part of the monitoring of vegetation and the 
state of habitats carried out during the project was repeated twice in selected areas 
at an interval of two years (the survey from 2013 was repeated in 2015 and the 
survey from 2014 was repeated in 2016). 

The monitoring of the impact of agricultural practices on natural and economic  
values of plant communities included a total of 340 plots, the locations of which in 
the Lublin Voivodeship are illustrated in fig. 60.

Fig. 59. Inventory of vegetation in the squares of the monitoring of avifauna
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The survey of vegetation should be carried out in the height of growing season 
but before the first mowing in a given year. For this reason, most areas were moni-
tored in June. It had been assumed that the time period of fieldwork in a given area 
should be similar (with a difference of no more than 2 weeks) when monitoring is 
repeated in subsequent years in order to ensure the best possible comparability of 
the results. 

The basic tool for the monitoring of vegetation and the diversity of flora were phyto- 
sociological relevés with a list of identified species of vascular plants and selected 
properties of the phytocoenosis and habitats. They were produced in places repre-
sentative of the monitored patch (fig. 61). The number of phytosociological relevés 
was determined on the basis of the area of the monitored plot (tab. 27). 

Fig. 60. Locations of the areas of the monitoring of the impact of agricultural practices on natural and economic 
values of plant communities in project “Protection of species diversity of valuable natural habitats on agricultural 
lands on Natura 2000 areas in the Lublin Voivodeship”

Key:
areas of the monitoring of habitats 
main cities

main rivers 
forests
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Table 27. Number of phytosociological relevés depending on the area of the monitored plot

Area of the monitored plot Number of phytosociological relevés

up to 0.5 ha 2

over 0.5 ha to 1.5 ha 3

over 1.5 ha to 3 ha 4

over 3 ha to 5 ha 5

over 5 ha 6

On the plots in habitat variants (AEH), phytosociological relevés were a repetition 
of the research conducted before the start of the implementation of the agri-envi-
ronmental programme. They were located on the basis of the geographic coordi-
nates of phytosociological relevés provided in the environmental documentation 
of habitats.

The area of a phytosociological relevé was 25 m2. It was a square whose sides 
marked the cardinal directions (N, S, E, W). The position of a relevé was determined 
by recording the geographic coordinates using a GIS receiver with GPS (palmtop) by 
averaging the values of ten measurements. 

Fig. 61. Locations of phytosociological relevés on plots of the monitoring of vegetation and the state  
of preservation of habitats (Foundation – orthophotomap: Central Geodetic and Cartographic Resource)

KIK/25 – Monitoring

Monitored areas no.: 14a0R1; 14a0R2;  
14a8R2; 14a2R1; 14a12R1

Municipality: Dubienka

Key:
phytosociological relevé 
area of the monitoring of habitats
record plot
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In addition, the location of phytosociological relevés was permanently marked 
in the field by placing magnets  in south-west corners of the relevés (fig. 62 and  
fig. 63). Two ferrite magnets were buried at a depth of 20 cm, placed one on top of 
the other, with a total height of 30 mm and a diameter of 34 mm. 

In the subsequent years of the monitoring, the following equipment was used to 
re-determine the location of phytosociological relevés:

▶ palmtops with GPS and 
a preloaded point vector 
layer containing the coor-
dinates of phytosociologi-
cal relevés – to determine 
an approximate location;

▶ magnetic field sensors 
(magnetometers) to deter-
mine the precise location 
of the magnets that were 
used to mark the corners 
of phytosociological rele- 
vés in the first year of the 
monitoring (fig. 64); 

▶ bamboo poles with a description of the identifier of the monitored plot and 
the number of the phytosociological relevé (fig. 65 and fig. 66). The operators 
of magnetometers used poles to mark the corners of phytosociological relevés 
(found magnets). In this way, it was possible to use three magnetometers to 
mark the locations of phytosociological relevés for many researchers.

Fig. 63. Method of placing a magnet to permanently 
mark the location of a phytosociological relevé

Fig. 62. Ferrite magnets used to mark the locations  
of phytosociological relevés

Fig. 64. Locating magnets using a magnetometer and a palmtop 
with GPS
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Precise marking of the location of phytosociological relevés makes it possible to 
repeat the research in subsequent years in the exact places where it was conducted 
in the first year of the monitoring, and then to accurately assess the changes in the 
species composition over time. 

Every phytosociological relevé included: 

▶  layer cover (density) [%]: 
•  A – trees over 6 m in height, 
•  B1 – trees and shrubs over 0.5 m to 6 m in height, 
•  B2 – tree and shrub saplings up to 0.5 m in height, 
•  C – heather shrubs and herbaceous vascular plants, regardless of their height, 
•  D – bryophytes;

Fig. 65. Marking the position of a magnet with a pole and determining the area  
of a phytosociological relevé

Fig. 66. Label on a bamboo pole with the identifier of the monitored 
plot and the number of the phytosociological relevé
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▶ total density of phytocoenosis [%]; 
▶ dead organic matter cover (crop residue) [%]; 
▶ thickness of crop residue – five measurements of the dead biomass height (after 

pressing it lightly) within the boundaries of each phytosociological relevé;
▶ bare soil cover [%] – not covered by vegetation or crop residue;
▶ percentage of mechanically damaged surface, including the cause of damage 

[%];
▶  list of all species of vascular plants separately for vegetation layers (A, B1, B2, C) 

and species abundance according to the Braun-Blanquet scale (Dzwonko 2007 
after Braun-Blanquet 1928; Braun-Blanquet 1932); the scale points were deter-
mined only on the basis of individual species that formed the cover, regardless 
of the number of present specimens (tab. 28).

Table 28. Scale of species cover used in phytosociological relevés  
(modified Braun-Blanquet scale)

Cover scale Percentage of area covered by a species

+ up to 1%

1 over 1% to 5%

2 over 5% to 25%

3 over 25% to 50%

4 over 50% to 75%

5 over 75% to 100%

A concise description was prepared for each monitored plot, containing infor-
mation on the location, topography and the diversity of vegetation on the plot.  
Selected indicators of the state of preservation of the monitored habitats were  
evaluated, which were developed on the basis of:

▶  the characteristics provided in the environmental documentation for 2009– 
–2010, which constituted a benchmark for the monitored AEH plots (Methodo- 
logy 2010), 

or
▶  the indicators used in the monitoring of the state of non-forest natural habitats 

conducted as part of the State Environmental Monitoring (cf. section 1.2) and 
the national monitoring of the environmental impacts of the agri-environmental 
programme (cf. section 1.1.1; Jarzombkowski et al. 2015). 
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The following elements were determined: 
▶  Area of the plot occupied by the monitored habitat, defined in the first year of 

the research; 

▶  Degree of the fragmentation of the monitored habitat, determined according to 
the following scale:

•  1 – no habitat fragmentation or insignificant fragmentation, or moderate 
fragmentation but resulting from a very diverse land structure preventing 
the formation of extensive habitat patches,

•  2 – moderate degree of fragmentation (patches of a dozen or so ares), where 
fragmentation is due to the varied degree of preservation of the patches in 
the monitored habitat, or a high degree of fragmentation resulting from  
a diverse land structure,

•  3 – high degree of fragmentation (patches of several ares) resulting mainly 
from the varied degree of preservation of the patches in the monitored  
habitat, 

•  4 – no habitat or patches of less than several ares.

▶  Occurrence of expansive herbaceous species. Species treated as expansive 
were both geographically alien species and native species that pose a threat 
to the monitored habitat. The cover percentage in respect to the entire moni-
tored patch of vegetation was provided for each species and their incidence was 
determined according to the modified Tansley scale (cf. tab. 20, Tansley 1946; 
Stohlgren 2006). The total cover formed by all expansive species was also pro-
vided.

▶  Occurrence of tree and shrub species. Species were provided separately for in-
dividual layers of vegetation (A, B1, B2). The cover of the monitored patch was 
assessed in individual layers for each species and expressed as a percentage and 
their incidence was determined according to the modified Tansley scale. The 
total cover of each layer was also provided, as well as the total cover of all layers.

▶  Occurrence of rare or protected species. A list of species and their incidence on 
the monitored plot was provided according to the modified Tansley scale. The 
listed species included strictly protected species (according to Regulation 2012) 
or species on the Red list of plants and fungi in Poland (Zarzycki, Szeląg 2006) or 
on the Lublin regional red list (Kucharczyk 2010).

▶  Mechanical damage of sod. The cause of damage and the estimated area per-
centage should be specified, e.g., 5% ruts, 10% rooting sites, and the total per-
centage of the damaged area should be provided. 
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▶  Predominant agricultural use. The basic type of agricultural use was evaluated  
on the basis of field observations in relation to the previous several years.  
The following codes were use: KB – mowed and biomass collected, KZ – mowed 
and biomass left unfragmented (e.g., residual swath), KM – mowed and biomass 
mulched (fragmented), KP – mowed and grazed, N – not in use. 

▶  Existing influences on the habitat. Defined according to a reference list of 
threats, pressures and measures (Instructions 2012). The identified influences 
were specified by providing an estimation of their intensity (high, medium, 
low) and the type of influence (positive, negative), which was supplemented by  
a concise description detailing the type of influence. 

▶  Recommended protective measures aimed to maintain or improve the state of 
the monitored habitat.

The influences code (according to the reference list of threats, pressures and mea- 
sures – Instructions 2012), supplementary code (tab. 29) and a concise description 
detailing the type of the desired influence were provided. For all monitored plots, 
recommendations for mowing or grazing and collecting the cut biomass should be 
given.

Table 29. Examples of protective measures and their corresponding codes

Primary influence code Supplementary 
code Concise description

A03.02 unintensive mowing DU maintaining the current use

A03.02 unintensive mowing K0 reducing frequency of mowing 
(provide the suggested number)

A03.02 unintensive mowing KW increasing the mowing height

A03.02 unintensive mowing KN restoring the mowing usage

A03.02 unintensive mowing KTP delaying mowing until (provide date)

A03.01 intensification of mowing KTW hastening the date of mowing to (provide date)

A03.01 intensification of mowing K1 increasing frequency of mowing 
(provide the suggested number)

J02.01.03 filling ditches W1 increasing soil moisture, 
blocking/filling in a drainage ditch

A11.04 D0 removing tree and shrub saplings 

A11.01 BZ collecting mowed biomass 

A11.03 M0 removing crop residue, dead organic matter 

A09 fertilisation /  
(chemical) fertilisers N0 reducing fertilisation 
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Photographic documentation was produced during fieldwork. It was obligatory to 
take one photograph of the green growth in every phytosociological relevé and  
a photograph showing the patch of vegetation with the visible horizon. 

Phytomass samples of vascular plants were taken near a phytosociological relevé 
in a place whose vegetation and productivity were representative of the relevé. 
Biomass from the current year (“green” phytomass) and crop residue from previous 
growing seasons were collected separately. Plant shoots were cut off just above 
the ground from a 40 × 40 cm area designated by means of a folding ruler (fig. 67).  
The samples were systematically dried and stored in airy paper bags (fig. 68). 

After returning from fieldwork, the biomass was re-dried under hot lamps until 
it was air-dry and then weighed to determine the productivity of habitats and to  
estimate the amount of crop residue. 

At the next stage, samples of “green” phytomass were fragmented and prepared 
for further analyses. The ground material was analysed to determine its nutrient 
content by the NIRS method (PN-EN ISO 12099 2013) using NIRFlex N-500 spec-
trometer with preset calibrations for dry fodder produced by INGOT. The analysed 
parameters included the content of dry matter, crude protein, crude fibre, crude 
fat, crude ash, simple sugars and the digestibility of dry matter and organic matter. 

Fig. 67. Area designated for phytomass sampling
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The applied method is commonly used in the assessment of the nutritional value of 
feed, including meadow hay (Wróbel et al. 2015; Wróbel et al. 2016; Andrés et al. 
2005a; Andrés et al. 2005b). Some of the samples were subjected to mineralisation 
and analysed for the total content of nitrogen (N), phosphorus (P), potassium (K),  
as well as calcium (Ca) and magnesium (Mg), to determine which elements influ-
ence primary production and limit the growth of plants in various habitats. The type 
of nutrient that limits the growth of plants and the availability of basic macroele-
ments are critical for the development of the species composition of plant commu-
nities, including the occurrence of rare species (e.g., Venterink et al. 2003; Wassen 
et al. 2005; Pawlikowski et al. 2013). 

In order to obtain detailed information about the history of the use of the areas 
included in the monitoring, interviews with users of the plots were conducted and 
data were obtained from the ARMA on the implementation periods of individual 
variants of the agri-environmental programme. A set of questions for land users 
was prepared in the form of a questionnaire with lists of possible answers which 
were marked during the interview. Respondents were inquired about the following 
time periods: 

Fig. 68. Drying of the collected phytomass samples
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▶ 1999–2003 – a period immediately before the Polish accession to the European 
Union (EU);

▶ 2004–2009 – the first years after the Polish accession to the EU, the main period 
of the implementation of the RDP for 2004–2006; 

▶ 2010–2014 – the main period of the implementation of the RDP for 2007–2013,  
as well as the period when the monitoring in the project was carried out  
(an additional survey for 2015–2016 was conducted for the areas included in the 
monitoring of habitats integrated with the monitoring of invertebrates); 

▶ planned use in the next 5 years. 

Most issues in the survey were directly related to the use of meadows, such as the 
timing and frequency of mowing, method of collecting biomass and the use of hay, 
grazing period and the species of grazing livestock, as well as the types and timing 
of other pratotechnic procedures (such as the type and frequency of fertilisation, 
harrowing, smoothing or overseeding meadows). Questions were also asked about 
the dredging or desilting of drainage and irrigation ditches affecting water condi-
tions on the plot and natural processes such as flooding or rooting by animals. 

Phytosociological relevés and descriptions of the indicators of the state of habitats 
were digitised and entered into databases in the Turboveg programme (Hennek-
ens, Schaminée 2001). Locations of phytosociological relevés and the boundaries 
of the monitored plots were recorded in the vector layers of GIS spatial databases.  
The results of the analyses of phytomass samples and the monitoring of prato-
technic procedures were entered into databases in Excel spreadsheets (fig. 69).  

Fig. 69. Excerpt from a database of the monitoring of pratotechnic procedures
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Then, the databases were processed so as to adapt the data for the purposes of 
statistical analyses.

In order to obtain consistent information about the diversity of the plant commu-
nities identified during the monitoring, supervised and semi-supervised methods 
of classification were applied to the database of phytosociological relevés, the 
majority of which were determined using the Cocktail method (Bruelheide 2000; 
Kočí et al. 2003). Phytosociological relevés were diagnosed to the rank of alliance.  
If the number or the cover of alliance indicator species was too low, vegetation 
was classified to an order or even to a class of communities. Indicator species for 
individual syntaxa were defined on the basis of concise phytosociological studies 
(Matuszkiewicz 2012; Kącki et al. 2013) using the system developed in the Institute 
of Plant Biology at the University of Wrocław for the valuation of Polish vegetation 
(Kącki, unpublished MS). 

A database of functional traits was created for vascular plant species identified in 
phytosociological relevés. Morphological, phenological and ecological traits were 
selected which may be relevant to meadow species adapted to mowing and can 
play a role in the competition for light or other environmental resources. The follo- 
wing elements were taken into account: the height of individual species, the time 
of flowering, the arrangement of leaves and their surface area, the annual growth 
rate, life forms according to Raunkiaer’s classification (Falińska 2012 after Raunkiaer  
1934) and life strategies according to Grime (Grime 2002), etc. The database of 
functional traits was created using “The key to the determination of Polish lowland 
vascular plants” (Rutkowski 2011), the Clo-Pla database (Klimešová, De Bello 2009; 
Klimešová, Klimeš 2013) and the LEDA database (Kleyer et al. 2008), among others. 

Traits defining their role as indicators of valuable natural habitats were identified 
for individual species, their incidence in the country and region, their origin (native 
or alien), and which identify typical species and undesirable species in non-forest 
communities of meadows, swards and mires (tab. 30).

On the basis of the database of phytosociological relevés and its complementary 
database of functional traits of species, a weighted mean of the values of traits for 
each phytosociological relevé was calculated, taking account of the proportion of 
individual species in a given community (represented by their cover in the phyto-
sociological relevé converted from the Braun-Blanquet scale into percentages using 
van der Maarel’s transformations). A similar method was used to calculate indica-
tors of the nature value of individual phytosociological relevés, including, among 
others, the Shannon–Wiener diversity index, the proportion of typically meadow 
species, rare species, indicator species of valuable habitats and alien species.  
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Moreover, species variation (the sum of all species of vascular plants) of individual 
phytosociological relevés was used as an indicator of nature value. The next stage of 
the research involves a series of statistical analyses, including tests and regressions, 
to verify whether and to what extent the implemented agri-environmental variants, 
agricultural procedures (including the frequency of mowing, the time of the first 
mowing) and the abundance of nutrients in a given habitat affect the functional 
diversity of vascular plants, the indicators of biodiversity, the nature value of the 
researched patches of meadows and the feed value of hay. 

Table 30. Indicators related to the occurrence and role of individual species  
in meadow ecosystems

Indicator Source Indicator values

indicator species  
of valuable  
non-forest natural 
habitats 

lists of species qualifying for 
habitat variants in the agri- 
-environment-climate measures 
of the RDP for 2014–2020 
(Methodology 2016) 

0 – not an indicator species
1 – indicator species for at least one of the 

habitat variants in the agri-environment- 
-climate measures of the RDP for 2014–2020

rare and common 
species

own study according to the 
incidence scale (Rutkowski 2011); 
national and regional red lists of 
vascular plants (Zarzycki,  
Szeląg 2006; Feldman 2010) 
and the Regulation on species 
protection of plants  
(Regulation 2014)

6 – rare species at risk of extinction 
5 – rare species, medium level of extinction risk
4 – rare species, potentially endangered
3 – not endangered, infrequent species
2 – frequent species
1 – common species

native – alien – 
invasive alien  
species 

alien species and categories  
of invasiveness (Tokarska-Guzik 
2012)

0 – native species
1 – alien species, non-invasive
2 – alien species, I category of invasiveness 
3 – alien species, II category of invasiveness 
4 – alien species, III category of invasiveness 
5 – alien species, IV category of invasiveness 

(highly invasive) 

typical – neutral – 
undesirable species

own study; species treated as 
desirable included diagnostic 
species of meadow or sward 
communities or non-forest mires; 
species treated as undesirable 
included segetal, ruderal and 
invasive species, trees and shrubs 
and some herbaceous species 
characteristic of forest or reed 
communities 

1 – desirable, typical meadow, sward or mire 
species

0 – neutral species or those that have a positive 
or negative impact, depending on their 
abundance or other factors

-1 – species undesirable on semi-natural 
meadows, swards or mires
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Between 2012 and 2015 monitoring studies of the diversity of segetal flora in winter  
and spring crops planted on 14 organic and 14 conventional fields were carried 
out. These fields were located within a network including twenty-eight 10-hectare 
squares.

The organic fields had been used in line with the rules of organic farming for one 
to fourteen years. The conventional farms represented a diversified degree of  
agricultural production intensiveness, with traditional farms, typical of the Lubelskie  
Voivodeship, where agricultural production was carried out in an extensive way,  
being a predominant type. To collect detailed information on agrotechnic proce-
dures conducted in organic and conventional arms, questionnaire surveys were  
carried out.

Within the studied squares, fields with winter and spring crops sown were located 
every year. First single-species sowing was selected, and when none was available, 
mixed-species mixes of cereal, and thereafter, mixes of cereals and legumes. Within 
those fields segetal flora diversity in crop stands and the soil seed bank was evalu-
ated. The segetal flora diversity studies were conducted using the frame method. 
5 small fields were marked on each field using a 0.5 × 1 m frame. The distance 
between subsequent small fields was 10 m. The species composition and popu-
lation of segetal plants found in the area indicated by the frame were specified.  

Flora monitoring on arable lands

Beata Feledyn-Szewczyk, Adam Kleofas Berbeć

2.4. 

Fig. 70. A field form for the inventory of segetal flora on arable land
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In addition, the presence of species found in the immediate vicinity of the frame  
(2 × 2 m) was also recorded. The species present outside the frame were taken into 
account in data analysis; however, their population was determined at the same 
level of 0.2 specimens/m2. 

In addition, the full inventory of flora was carried out using the transect method 
in 2013. Diagonally to every surveying square, a transect was set, along which all 
species of segetal flora were recorded. The species were recorded within a strip of  
1 m to the right and 1 m to the left of the researcher moving along the transect.  
The population of every recorded species was estimated using a simplified scale: 

▶ “+” – species found occasionally (1–2 specimens), 
▶ “1” – sparse specimens, 
▶ “2” – often, but not dominating, 
▶ “3” – dominating. 

Edges of fields, baulks and insides of fields were treated separately. 

Species of weeds were marked using a key (Rutkowski 2011). The names of the  
species were used as in Mirek et al. (2002). The studies were conducted on an  
annual basis from 10 June to 5 July. 

Soil samples for the evaluation of the seed bank were collected from the same fields 
on which the species diversity and population of weeds was determined in a crop 
plant stand. The samples were collected near every study plot of the flora (5 repeti-
tions) along with the studies of segetal flora in the stand. An Ejkelkamp soil cylinder, 
with a diameter of 8cm, was used, so the area from which soil was collected was 
approx. 50 cm2. The soil was collected at a depth of 0–20 cm. The collected soil was 
placed in plastic pots, in which the drainage consisted of a layer of washed river 

Fig. 71. Evaluation of biodiversity of segetal flora using the frame method
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sand separated from the soil with an agrotextile (fig. 72). The soil in the pots was 
regularly watered and stirred occasionally to stimulate the germination of weed 
seeds. The pots were subjected to 12-month exposure in the summer season in 
an IUNG-PIB vegetation hall, and in the winter season in an IUNG-PIB greenhouse  
(fig. 73). The species composition and population of the soil seed bank were speci-
fied using the indirect method, i.e. the greenhouse method. The germinating  
seedlings of weeds were identified, counted and removed on an ongoing basis. 

In organic and conventional farms, on the fields of which the segetal flora diver-
sity studies were conducted, additional questionnaire surveys were carried out,  
to collect data characterising the agricultural production in the farm and agro-
technical procedures on the sown spring cereal and their mixes. The surveys were 
conducted using the method of direct interviews with the owner or lessee of the 
farm, in every year of the study, after the end of the cereal vegetation period  
(September–October).

As the species composition and population of segetal communities depend also on 
the properties of the soil, conducted were chemical analyses of the soil collected  
from a 0–20 cm stratum, in every studied field, following the harvest of crops,  
in autumn 2014. The studies included the following properties: 

▶ the agronomic category of soil,
▶ pH in KCl using the PN-ISO 10390:1997 method,
▶ P2O5 content, using the PN-R-04023:1996 method for mineral soils and the  

KQ/PB-07 ver. 06 method for carbonate mineral soils,
▶ K2O content, using the PN-R-04022:1996/Az1:2002 method for mineral soils and 

the KQ-PB07 ver. 06 method for carbonate mineral soils,
▶ Mg content, using the PN-R-04020:1994/Az1:2004 method,

Fig. 72. A model pot with an exposed soil sample to 
mark the soil seed bank

Fig. 73. The exposure of pots in an IUNG-PIB greenhouse 
during an experiment with the soil seed bank
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▶ mineral N determination (a sum of N-NO3 and N-NH4) using the KQ/PB71  
method,

▶ mineral C determination using the KQ/PB-34 method.

Different statistical methods were employed to prepare the data: ecological indica-
tors (of diversity, dominance and similarity), cluster analysis, correlation analysis 
and difference significance evaluation (Sienkiewicz 2010; Magurran 1988; Piernik 
2012).

A cluster analysis was conducted. It aimed to find objects (weed communities and 
the soil seed bank) with similar biodiversity. To classify the objects, (agglomera-
tive) hierarchical clustering described by Jongman et al. (1987) and Kent and Coker 
(1992), was used. The results were presented in the form of a dendrogram illustra- 
ting the hierarchy of similarity. Similarity was determined using the Jaccard simila- 
rity coefficient and median, as a method for dendrogram construction. 

The general formula to calculate the Jaccard similarity coefficient is (Piernik 2012):

Jcij = a/(a+b+c), where: 
Jcij – the Jaccard similarity coefficient, 
a – the number of common species in both compared variants, 
b – the number of species present in the first of the compared variants only,
c – the number of species present in the other compared variant only.

The analysis was carried out using the MVSP 3.1. computer program (Kovach 2011). 

A correlation analysis was conducted to determine the impact of various habitat 
and agrotechnical factors on the diversity of segetal flora and the soil seed bank. 
Properties which can influence the biodiversity of flora and the soil seed bank,  
including habitat (soil class, soil pH, and presence of constituents) and agrotech- 
nical factors (crop rotation, fertilisation, mechanical and chemical weed control  
procedures, seed yield, the use of catch crops, etc.) were used as descriptive vari-
ables in the correlation analysis.

The majority of the studied parameters of the biodiversity of flora and the soil 
seed bank, as well as the majority of the characteristics of farms had an abnormal  
distribution, which is why, to assess the significance of differences in biodiversity 
between the organic and conventional farms, Mood’s median test, with a signifi-
cance level of α=0.05, was employed.

The research results were developed in the form of a doctoral dissertation (Berbeć 
2016) and publications (Berbeć et al. 2013; Staniak et al. 2016).
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The basis for the monitoring of avifauna using the area method was a combined 
variety of the cartographic method (Tomiałojć 1980). The studies were conducted 
in the bird nesting season, from mid April to mid July on permanent grasslands,  
and on arable lands from early April to 5th July. The monitoring was carried out 
between 2012 and 2016 in 114 10-hectare squares, including 47 squares on arable 
lands and 67 squares on grasslands.

The field inspection included five visits (three inspections in the morning and two 
in the evening or at night) (tab. 31). The interval between inspections was at least 
four weeks when it came to daily inspections, and at least six weeks in respect of 
night inspections.

Table 31. The dates and times of area inspections

Areas on grasslands (P) Areas on on arable lands (U)

Date Time of the day Date Time of the day

15 IV – 5 V 30 min after the sunrise until 10.00 1 IV – 30 IV At sunset

6 V – 5 VI 30 min after the sunrise until 10.00 15 IV – 5 V 30 min after the sunrise until 10.00

15 V – 31 V 21.30 – 2.30 6 V – 5 VI 30 min after the sunrise until 10.00

6 VI – 5 VII 30 min after the sunrise until 10.00 15 V – 31 V At sunset

29 VI –15 VII 21.30 – 2.30 6 VI – 5 VII 30 min after the sunrise until 10.00

The calculation consisted of the collection of data on all birds encountered in  
a given area. 

Taken into account were birds, from the behaviour of which one could gather that 
they use the square as a breeding ground, as well as birds that were not bree- 
ding there or were feeding or resting. No birds that were only flying over the area 
were recorded. Flightless chicks, even if recorded on the maps, were not taken into  
account, as their spatial distribution does not depend on the type of habitat, but 
on the presence of adult specimens. The results of observations during inspections 

 Avifauna monitoring using the area method

Bernadetta Ebertowska, Marek Jobda

2.5. 
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were marked on field maps (fig. 74), using standard abbreviations, markings and 
symbols used in the simplified cartographic method (Tomiałojć 1976). 

The marching route was to facilitate the identification of all birds connected with 
the given square, and which were present within its borders during the inspection. 
The methodology provides for marching inside the square along its border, 50 m to 
the border, and then along the centre, and again at a distance of 50 m to the other 
end of the square. Three marches were effected during one inspection – two along 
the edges and one along the centre of the square (the counting strip was not wider 
than 50 m on each side of the marching line). 

The manner of land usage was also described during inspections. For arable lands 
this included one description, and for grasslands – three descriptions during each 
daily inspection. All landscape components important for birds had to be indicated 
on maps used to describe the habitat (fig. 75). These included water bodies and 
submerged areas (e.g. ponds, rivers and oxbow lakes, and periodically flooded  
areas), bushes, trees, tree stands, ditches, roads, overhead power lines and fences 
(barbed wire, electric fence, and other). The type of usage (grazing, mowing and 
grazing, mowing, no usage, unspecified usage) was marked on maps relating to 
permanent grasslands. It was recommended to put information whether hay was  
collected or scattered, whether the meadow or pasture was subject to burning,  
and whether any livestock was present on the pasture (stating the number and 
species).
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Fig. 74. A model bird count form (Foundation – orthophotomap: Central Geodetic and Cartographic Resource)

NOTE!!!!
	 The markings shall be made vertically (N, S), in capital letters, and clearly.
	 Arrows are not to be used (the flight path is not important, but whether the bird landed on the area or left it).
	 When no birds were observed, a “no birds” indication should be made on the map.

THE COUNT FORM

Surveyor
(full name)
Square code P-80 (Ml) Count date

(year/month/day)
Starting time
(hour:min)

Ending time
(hour:min)

Inspection code:
(D-daily, W-evening) Dl D2 D3 W1 W2

Weather conditions
(enter 1, 2 or 3)

Clouds

-------------

Rain

-------------

Wind

-------------

Visibility

-------------
1
2
3

0-33%
33-66%
66-100%

none
weak
strong

no wind or weak wind
moderate
strong

good
average
poor
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Fig. 75. A model habitat description form (Foundation – orthophotomap: Central Geodetic and Cartographic 
Resource)

HABITAT DESCRIPTION

THREE field inspections are conducted

INSPECTION II
During daily inspection II 

Surveyor 
(full name)
Square code P-80 (MI) Inspection date

(year/month/day)

All plots presently or formerly used as meadows or pastures are to be marked on the map. 
Contours of the plots and their marking in line with the key below, are to be indicated

Key to descriptions:
Area-wide 
tree stands

Tree rows

Mowing usage

Flooded area

Fence

Grazing usage

Unused areas

Mowing and  
grazing usage

Unspecified 
usage

Unmowed 
areas

Power lines

Arable lands

Tree

Ditch
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The national monitoring of the environmental impacts of the agri-environmental 
programme, which has been implemented in Poland since 2011, focuses on perma-
nent grasslands, in the implementation areas of so-called environmental packages 
aimed at protecting nesting habitats of birds (bird variants) and non-forest natural 
habitats (habitat variants). This includes the monitoring of avifauna and the con-
dition of plant communities, in conjunction with soil identification and landscape 
monitoring, which was presented in detail in chapter 1.1.

It appears very important to extend the scope of monitoring to include the selected 
groups of invertebrates, which constitute an incredibly important component of 
meadow ecosystems, connected with other animals and the kingdom of plants with 
a complex network of interrelations. Invertebrates are a source of sustenance for 
the majority of birds and make generative reproduction possible for entomophilous 
plants, which is why their presence and number on meadows considerably impact 
on the main objects of the environmental packages within agri-environmental pro-
grammes, i.e. birds and natural habitats (Mirski et al. 2009; Liminana et al. 2012;  
Milberg et al. 2016). Furthermore, invertebrates play a crucial role in so-called ecosys-
tem services for humans (Maloney et al. 2003; Losey, Vaughan 2006; Scheller 2009). 
These organisms are very sensitive to agrotechnical procedures, especially mowing 
intensity and the use of fertilisers and pesticides (Tscharntke et al. 2005; Stoate  
et al. 2009). Diurnal butterflies, Orthoptera and spiders should be especially subject 
to monitoring, as they constitute indicator groups for the biodiversity of inverte-
brates (Prieto- Benítez, Méndez 2011). Species of butterflies regarded as indicator 
species for the qualification of selected habitat variants of environmental packages 
under agri-environmental-climate measure (tab. 32) should be especially taken into  
account in the monitoring of the environmental impacts of the agri-environmental 
programme. 

3 Recommendations for the national monitoring  
of the environmental impacts of the AEP
 

Wstęp

Kamila Brzezińska, Jarosław Stalenga
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Table 32. The species of butterflies on the lists of indicator species for “Wet Molinia  
meadows with fluctuating water levels” (ZM) or “Semi-natural wet meadows” (W)  
and their host plants (Methodology 2016)

Butterfly species name Host plant species name

marsh fritillary Euphydryas aurinia (ZM) devil’s-bit Succisa pratensis

Alcon blue Phengaris alcon (ZM)  marsh gentian Gentiana pneumonanthe

dusky large blue Phengaris nausithous (ZM)  great burnet Sanguisorba officinalis

scarce large blue Phengaris teleius (ZM)  great burnet Sanguisorba officinalis

violet copper Lycaena helle (W) snakeroot Polygonum bistorta

It is recommended to perform butterfly monitoring using the transect method used 
within the State Environmental Monitoring (Sielezniew 2012a). It is also possible to 
carry out point inventory, and when financial resources are limited, identification 
focusing on butterfly species with the use of a simplified scale for the evaluation of 
their number (chapter 2.2.4). When devising a methodology it is worth considering 
the experiences of a dozen or so European countries, in which butterfly monito- 
ring is conducted (chapter 1.3.3). However, a detailed proposal for the monitoring  
methodology for other groups of invertebrates is presented in chapter 3.2.

The network for the monitoring of the environmental impacts of measures im-
plemented under the Rural Development Programme should also be extended to 
include study areas on arable lands, and in particular in farms implementing the 
Organic farming measure. Arable lands, though inhabited by a smaller number of 
species than permanent grasslands, cover approx. 35% of the area of Poland, and 
encompass more than 70% of agricultural land. The agricultural use of large areas 
of arable lands, especially those characterised by poor and less fertile soils, usually 
takes place in an extensive way, facilitating the preservation of substantial biological 
diversity. Organic farming also plays a significant part on such lands. Monitoring on 
arable lands should include the distribution and diversity of landscape components, 
and all agrotechniques, including the crop rotation used. Monitored should be  
various taxonomic groups, in particular segetal flora, avifauna, and the selected 
groups of invertebrates, especially those that play a significant role in the natu-
ral protection of plants (e.g. ground beetles, spiders, and predatory orthopterans).  
A detailed proposal for the monitoring methodology for flora on arable lands is  
presented in chapter 3.1, and for other groups of invertebrates in chapter 3.2. 

To comprehensively evaluate the impact of the implementation of individual agri- 
-environmental variants on nature, it is necessary to integrate the monitoring of 
various organism groups in a given location. The monitoring of agricultural proce-
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dures is of crucial importance. It facilitates the analysis of causative relationships 
between the employed practices and the changes in biological diversity (Geijzen-
dorffer et al. 2016). The areas of integrated monitoring should be located on plots 
on which the individual variants of the agri-environmental programme (bird or habi- 
tat) or organic farming are implemented as well as in conventionally used areas 
(outside the agri-environmental programme and without organic farming), which 
constitute control locations. It is recommended to conduct the monitoring using the 
BACI system (Before–After, Control–Impact), hence on plots with (Impact) and with-
out (Control) agri-environmental measures, Before and After the implementation of 
a several-years agri-environmental commitment. Also, it is crucial to adjust the size 
of the area to the monitored species and objects. Forms of land cover, diversity of 
plant communities and bird assemblages should be monitored on a broader (land-
scape) scale, while invertebrates and flora can be studied on a smaller scale, e.g. on 
an individual plot.

When planning monitoring it is important to specify the required number of moni-
toring stands and their distribution, to obtain data making it possible to draw 
conclusions on the impact of various factors on biological diversity in individual  
regions of the country, and, on the other hand, to reduce the costs to the greatest  
possible extent. The monitoring network design should be based on data collected 
in the years studied before, using statistical methods, and based on the experience 
of other European countries (Loos et al. 2014; Geijzendorffer et al. 2016). It is not 
recommended, however, to create a brand new monitoring system, but rather to 
complement and modify the existing one, so that the data collected in subsequent 
years can be integrated with the previous data and contribute to drawing conclu-
sions on the observed trends. 

The environmental monitoring system, integrating various taxonomic groups, spa-
tial and time scales, and the monitoring of agrotechnical procedures and imple-
mentation of agri-environmental programmes was used, i.a., in the project entitled 
“Protection of species diversity of valuable natural habitats on agricultural lands on 
Natura 2000 areas in the Lublin Voivodeship” (Chapter 2). The impact of agri-envi-
ronmental programmes on the biodiversity of various organism group was studied 
also in other European countries (Klejn et al. 2006; Knop et al. 2006; Albrecht et 
al. 2007; Carvell et al. 2007). The need for integrating information on biological 
diversity and the development and improvement of the effectiveness of the moni-
toring systems, the used biological diversity indicators in agricultural areas and the  
methods for data analysis still constitute valid issues in Europe (Henry et al. 2008; 
Herzog et al. 2013; Herzog, Riedel 2016; Herzog, Franklin 2016). 
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Monitoring segetal plants on arable lands can be conducted at various levels, i.e.: 
▶ fields – in selected species of crop plants or in permanent monitoring points,  

irrespective of the rotation cultivation of plants, 
▶ within the set agrocoenosis area, which includes more than one arable field  

(e.g. studied squares with an area of 9 hectares – 300 × 300 m). 

It is recommend to perform the observations for at least 2 years, due to the im-
pact of weather conditions on the species composition and population of segetal  
communities. 

To obtain a broader spectrum of information on the diversity of segetal flora it 
would be recommended to: 
▶ carry out the inventory of species within the individual fields or larger studied 

plots, 
▶ monitor plant communities based on small permanent fields, 
▶ analyse the soil seed bank performed in the monitored plant communities. 

Determining the list of species for individual fields used in the specific agricultural 
production system, allows us the answer the question – Is there a correlation be-
tween the given type of farming and the size of the local species pool? To interpret 
results obtained in such a way, one can use the environmental filters concept (Diaz 
et al. 1998). According to this concept, the real species pool of a community can be 
expressed as a subset of a local (or regional) species pool, and the absence of spe-
cies in such a pool in the analysed plant community can be attributed to the activity 
of so-called environmental filters. Based on ecologically significant traits (so-called 
functional traits) of species present and absent in the community, it is possible to 
assess the role of individual environmental factors as acting environmental filters. 

With data on the soil seed bank, it is recommended to study vegetation on the 
basis of small permanent control fields, monitored throughout all years. In a situ-
ation where crop rotation is employed on fields, one can expect various effects of 
the “filtration” of the species pool from the soil seed bank by crop plants and the 

The methodology of flora monitoring on arable lands3.1. 

Beata Feledyn-Szewczyk, Wiktor Kotowski, Adam Kleofas Berbeć, Jarosław Stalenga 
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associated agrotechnical procedures. All this therefore supports the selection of 
the hierarchical approach (landscape – seed bank – plant community), taking into 
account temporal repetitions in small permanent fields, especially under conditions 
of changing crop plants and agrotechnical procedures (Jose-Maria, Sans 2011). 

When studying segetal flora that accompanies specific crop plants, within a larger 
agrocoenosis area (e.g. a square with an area of 9 hectares), one should set at least 
one field with every type of crop which interests us, in which study quadrats will 
be located (repeated locally). Such quadrats also make it possible to compare the 
communities of above-ground segetal vegetation with the soil seed bank. The rep-
resentative number of repetitions should be determined on a random or regular 
basis. With the sample plots being 0.5 m2 it is recommended to perform at least  
10 repetitions, with the minimum number being 5 repetitions in a field (fig. 76). 

Fig. 76. An outline of the levels of the monitoring studies of segetal flora diversity

study square

arable field

study quadrats

a model transect

Segetal flora diversity studies usually involve objects with various agricultural pro-
duction intensity (Bengtsson et al. 2005; Duer, Feledyn-Szewczyk 2000; Hołdyński 
et al. 2000; Rola et al. 2000; Feledyn-Szewczyk 2013). Due to a significant share of 
cereals in the structure of sown plants in Poland, it is those plants, including their 
winter and spring forms, that are often taken into account in monitoring studies 
(Feledyn-Szewczyk 2011; Berbeć et al. 2013). Organic farming is based on strict,  
legally regulated, guidelines; while the manner of farming on conventional fields 
depends largely on the individual decision of the farmer. In studies aiming to  
compare the organic and conventional systems, this might pose a problem connec- 
ted with sample heterogeneity – as it can include both intensive and extensive 
conventional farms with different levels of use of plant protection products and  
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synthetic mineral fertilisers. Therefore, it is important to complement flora moni-
toring studies with surveys aiming to collect information on agrotechnic procedures 
used on the studied fields. To compare different agricultural production systems, 
e.g. the organic and conventional systems, one has to determine the appropriate 
number of repetitions (fig. 77, fig. 78). The compared areas should be located in 
similar habitat conditions to minimise the impact of other factors than the studied 
ones (otherwise they will have to be taken into account as accompanying variables).

The first, and broadest, level of monitoring is landscape monitoring, i.e. a study 
plot greater than a single field, e.g. a square with an area of 9 ha. At this level one 
should collect possibly comprehensive information on arable land flora within the 
square. These data can be collected using the transect method, across the field  
(fig. 76). The population of every recorded species within the area should be  
estimated. One can use a simplified three-point scale: 

▶ (1) sparse specimens, 
▶ (2) often, but not dominating, 
▶ (3) dominating, commonly found. 

Fig. 77. The diversity of segetal flora in winter rye stands cultivated in the organic system
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It is also recommended to treat separately edges of fields (including baulks) and 
insides of fields, if, in the case of plant communities accompanying specific crop 
plants, the edge of the field aspect has been omitted. 

Another level of biological diversity monitoring level, narrower than the landscape 
scale, is the single-field scale. The phytocoenoses of arable fields largely consist of 
characteristic species accompanying the given crop. A set of diverse agrotechnical 
procedures performed in specific fields can significantly differentiate the diversity of 
segetal plants, even between adjacent fields with the same crop plant being sown. 
Therefore, it is very important to appropriately select sample plots, their size, mark 
the study plots in a way facilitating repeated monitoring in subsequent seasons, and 
to correctly estimate the population size of individual species of segetal flora.

As opposed to different population scales based on the estimation of the percent-
age area coverage by individual species, which is commonly adopted in phytosocio- 
logy, for segetal communities it is better to count the individual specimens of all spe-
cies, using smaller study plots than in the case of studies conducted on grasslands. 
This is due to practical (relatively low coverage by most species, which is relati- 
vely difficult to estimate) and methodological reasons. The number of specimens is  

Fig. 78. The diversity of segetal flora in winter rye stands cultivated in the conventional system
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a parameter which can be directly compared with the population of the soil seed 
bank. Calculating the species diversity and dominance indicators, similarly to the 
use of ordination techniques, also requires unambiguous abundance (significance) 
coefficients of all species in a biocenosis, such as the number of specimens or their 
biomass. Braun-Blanquet scale intervals prove much less useful here, as their pri-
mary limitation stems from the different sizes and criteria employed for individual 
classes. In this case, one can transform the Braun-Blanquet scale, as suggested by 
van der Maarel (Maarel 2007), into an ordinal scale, which is an approximation 
of the metric scale (however still biased by the subjective estimation of Braun- 
-Blanquet scale intervals). 

A good method is to count specimens in a frame with a set area. Various areas 
of sample plots are used – from 20 × 20 cm to 10 × 10 m squares. To increase the 
strength of statistical analyses it is more beneficial to increase sample size than plot 
size. Therefore, it is recommended to carry out evaluation using a greater number 
of small fields (study plots) than a smaller number of bigger fields. The smaller area 
of study plots is also supported the poor visibility of land surface in cereal crops. 
In segetal plant demography studies conducted by IUNG-PIB in Puławy, a 0.5 × 1 m 
frame is used. Its utilisation is beneficial due to the possibility of comparing the 
results of the planned analyses with the previous studies (Feledyn-Szewczyk 2011; 
Feledyn-Szewczyk 2013). The decision on the size of sample plots should be made 
based on preliminary field surveys, so that the specimen count is not too laborious, 
and the populations not too low. In the case of species occurring in large numbers, 
their population on the sample plot can be estimated by counting specimens in  
a subsample (smaller square) and assuming a permissible error of 10%. 

The monitoring studies of segetal flora can be done once per the vegetation season 
of crop plants (between May and June for cereal plants) or 2–3 times, to capture the 
whole spectrum of species occurring in spring and summer. When marking weed 
species one should use botanical keys, e.g. by Rutkowski (2011). It is recommended 
to provide names of the species as in Mirek et al. (2002). 

The location of every small field should be determined with a GPS. It is reco- 
mmended to mark them in the field using metal markers, which will be found by  
a metal detector. These should be metal plates fixed to soil with a long rod.  
Small field marking must be done in such a way to not hamper field work, inclu- 
ding the use of farming machines. 

When conducing detailed monitoring it is worth recording the presence of spe-
cies which occur within immediate vicinity, e.g. inside a 2 × 2 m strip enveloping 
the small field, in which all the specimens will be counted. This will supplement  
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information on the flora of the studied strip, facilitating future correlation between 
the local species diversity of the community and the species diversity of the soil 
seed bank. 

Soil samples for the evaluation of the seed bank should be collected from the same 
fields on which the species diversity of segetal flora was determined in a crop plant 
stand. The samples should be collected near every small study quadrat, within the 
field, best employing the same number of repetitions. Soil samples can be collected 
simultaneously with the studies of segetal flora in the stand or on another date. 
A soil cylinder, e.g. with a diameter of 8 cm (the area is approx. 50 cm2, the num-
ber of weed seeds can be then converted for 1 m2) can be used to collect samples 
(Feledyn-Szewczyk, Duer 2004) (fig. 79, fig. 80). To evaluate the weed seed bank, 
one should collect samples from an arable stratum depth of 0–20 cm. Direct seed 
extraction (DSE) and the greenhouse method (GM) (seedling emergence method) 
are commonly used in studies concerning the soil seed bank (Gross 1990; Feledyn- 
-Szewczyk, Duer 2004; Sekutowski 2009).

In the greenhouse method the collected soil is placed in plastic pots, in which the 
drainage consists of a layer of washed river sand separated from the soil with an 

agrotextile (fig. 79, fig. 80). The soil in 
the pot should be regularly watered 
and periodically exposed to factors 
that stimulate germination (e.g. mix- 
ing, low temperatures, gibberellins).  
The pots should be exposed for 
3–12 months, in a vegetation hall or  
a greenhouse. The germinating seed-
lings of weeds should be identified, 
counted and removed on an ongoing 
basis. The direct method assessment 
of the seed bank, consisting of manu-
al removal of seeds from the soil and 
their identification, can be used as  
a complementary method.

The most favourable manner of archi- 
ving data on the species composition  
and population of segetal flora and 
the soil seed bank is to create a data- 
base in Excel. The Turboveg program 
is very helpful when it comes to  

Fig. 79. Soil seed bank sample collection using  
a soil cylinder
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archiving phytosociological relevés. 
Both Excel and Turboveg make it po- 
ssible to export phytosociological rel-
evés and species composition data to 
applications used in the analysis and 
collating of phytosociological data, 
such as Juice and Canoco. Juice is  
a convenient tool to organise phyto-
sociological tables, while the Canoco 
suite is a relatively easy to use tool 
for vegetation data ordination. 

The objective of the analysis of the 
collected segetal flora monitoring data is to facilitate a comprehensive evalua-
tion of the preservation of biological diversity, indicate similarities and differences  
between the studied objects and attempt to illustrate the causes of changes in 
the biological diversity in rural areas. Appropriately selected methods of analysis  
should make it possible to formulate correct conclusions concerning the conducted 
monitoring.

The list of species, phytosociological relevés and the quantitative composition of 
the soil seed bank are multidimensional data, which are not easily subjected to 
the standard statistical hypothesis testing procedures. The diversity of such data 
and the impact of factors on this diversity can be illustrated using indirect ordina-
tion methods, e.g. PCA (Principal Correspondence Analysis), DCA (Detrended Corre-
spondence Analysis) or direct methods, such as CCA (Constrained Correspondence 
Analysis). In order for phytosociological data to be appropriate for such an analysis, 
they should be collected on metric, preferably linear scales. For non-metric data it 
is possible to employ other ordination techniques, e.g. NMDS (Non-metric Multi- 
-Dimensional Scaling); however some information is lost this way. Percentage 
species coverage in a relevé is another parameter which is not easy to interpret.  
This is due to the upper value limit – such data can be adapted for statistical  
analysis through transformation, for example, using the arc sine function.  
Nevertheless, there are still other doubts connected with the use of the percentage 
scale in the cases of low cover.

The species diversity of segetal communities and the soil seed bank can be com-
pared using species diversity indicators. The most commonly used in phyto- 
sociology are: the Shannon diversity index, the Simpson’s Dominance Index and  
similarity indices (Magurran 1988; Sienkiewicz 2010).

Fig. 80. Assessing the soil seed bank using the 
greenhouse method
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The species diversity indicator is the Shannon–Wiener index, described using the 
following formula (Sienkiewicz 2010): 

           

 

   
 

 

, where:

 S – number of species (species variation)
 pi – number of specimens of one particular species by the total number of specimens of all species :  

 ni/N
 ni – number of specimens of the i-th species
 N – the total number of specimens of all species

Simpson’s Dominance Index was calculated using the following formula (Sienkie-
wicz 2010): 

      

  
 

  , where:

ni – population of the i-th species 
N – total population of all species

The scope of this indicator is from 0 to 1; with values close to 1 indicating a clear 
dominance of one or several species. 

The qualitative and quantitative Sorensen indices (Magurran 1988) were used to 
describe the similarity or dissimilarity in the biodiversity of flora in sown spring 
crops cultivated in organic and conventional production systems:

The qualitative index = 2C/A+B × 100%, where:
A – the number of species in one out of two compared communities, 
B – the number of species in the other compared community, 
C – the number of common species in the compared communities.

The quantitative index = 2 Nt/ Na+ Nb × 100%, where:
C – sum of the smallest abundances for common species in the compared variants, 
Na – the population of all weeds in one of the compared variants, 
Nb – the population of all weeds in the other compared variant. 
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Functional diversity means a diversity of species irrespective of their taxonomic 
group, which refers, on the other hand, to the role of species in the ecosystem, life 
history strategy or susceptibility to specific selection factors in the environment.  
In its simplest form, functional diversity can be described by grouping species by 
their form of development, manner of spreading, pollination, etc. This makes it 
possible to reduce the number of “variables” in the compared sets (when compa- 
ring plant communities, the individual species are treated as separate variables), 
facilitating the use of standard statistical tools, such as variance analysis. The divi-
sion into functional groups also makes it possible to compare communities with  
different species composition. The disadvantages of using functional groups in-
clude, first, the arbitrariness of division into groups, and, second, its unidimension-
ality (it is impossible to compare the diversity of different ecological functions at 
the same time). This problem is solved by a relatively recent approach to calculat-
ing functional diversity indicators based on many variables. Three such indicators,  
describing various aspects of diversity were proposed by Villéger et al. (2008);  
these included, functional richness, functional evenness and functional divergence. 
Community weighted mean is a convenient parameter to compare different plant 
communities in terms of specific, measurable characteristics of plants (e.g. seed 
size, maximum shoot height, specific leaf area).

Standard statistical comparisons of monitoring variants will be possible in relation 
to quantitative data, such as species variation (number of species per area), the 
number of seeds, number of specimens, etc., biological diversity indicators, and 
functional diversity indicators. One can also use parametric tests (T tests, tests 
based on the GLM model) and non-parametric tests, e.g. the Wilcoxon test, for 
matched samples or the Mood’s median test.

The purpose of cluster analysis is to find objects (weed communities and the soil 
seed bank) with similar biodiversity. To classify the objects, (agglomerative) hier-
archical clustering described by Jongman et al. (1987) and Kent and Coker (1992), 
can be used. The results are presented in the form of a dendrogram illustrating the 
hierarchy of similarity. In hierarchical clustering, one calculates the similarity matrix 
for the samples, which can be, however, a qualitative similarity between the sam-
ples, due to the presence or lack of species, e.g. using the Sorensen index or Jaccard  
coefficient, or a quantitative similarity – using different measures of distance:  
similarity percentage, Euclidean distance or ligament distance. The final results 
of classification and the dendogram structure depend on the sorting strategy em-
ployed, e.g. the nearest-neighbour and furthest-neighbour methods, unweighted 
pair-group method with arithmetic mean (UPGMA), minimum variance methods, 
etc. (Jongman et al. 1987; Piernik 2012). Such analyses can be carried out using the 
MVSP 3.1. computer program. (Kovach 2011). 
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To compare the soil seed bank with plant communities one can use the Mantel 
test, by verifying the hypothesis whether the similarity of the soil bank samples is  
correlated with similarity of above-ground plant communities, taking into account 
an additional binary matrix with information on the farming method (e.g. organic 
and conventional farming). 
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Conducting monitoring of invertebrates requires the determination of the nature 
of the monitored object, type and number of study plots, the date of studies, the 
employed monitoring methods and result analysis methods (Gaines et al. 1999; 
Makomaska-Juchiewicz 2010; Makomaska-Juchiewicz, Baran 2012a; Mróz 2012b).

Currently, when it comes to invertebrates, the Natura 2000 species are subjected 
to national monitoring (Mróz 2012b). However, other species, including declining  
and threatened ones, and plots outside the Natura 2000 areas, should also be 
monitored. As regards spiders present in the “Red List of Threatened and Declining  
Species” (Staręga et al. 2002) a good object of monitoring on meadows with fluc-
tuating water levels is Heriaeus graminicola or the entire genus Heriaeus, for reed 
beds this can be Tetragnatha reimoseri, and for dry habitats – Thanatus arenarius 
(Nentwig et al. 2016). 

To carry out invertebrates monitoring one should determine permanent study 
plots. In the case of arable lands, when the cultivated crop is changed, and we wish 
to monitor only one, specific crop, one can continue studies on adjacent fields, 
sowed with the applicable crop. The number of plots will depend on the number of  
stu-died habitats or cultivated crops. The minimum number of plots per one habi-
tat or cultivation in the studied region should be six; however, if it is possible, this 
number should be higher due to the possible changes in use (Knop et al. 2006). 
The characteristics of the selected plots, their size and surroundings should be as 
homogenous as possible.

Among the most often used methods of catching epigeic invertebrates are Barber 
traps, also referred to as pitfall traps; e.g. Stańska 2005; Knop et al. 2006; Cizek et al. 
2012) (fig. 81, cf. fig. 53). These traps are used to study active epigeic invertebrates, 
especially beetles, spiders and ants (Ausden, Drake 2006). It is a simple method 
used to, e.g., evaluate relative populations of species, seasonal changes in their  
activity, the species composition of groups and habitat preferences. One should 
bear in mind, however, that by using this method we do not obtain information 
on the real structure of groups, and the data are the product of species density 
in a given habitat, their activity (often dependant on many environmental factors) 

The methodology of invertebrates monitoring3.2. 
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and the susceptibility of individual species to entering the trap and staying inside 
(Zalewski 1999; Ausden, Drake 2006). 

The type of container used as the trap is important. Luff (1975) indicated that glass 
containers work better than plastic or metal ones, due to their slippery walls, which 
prevent specimens from escaping. Containers of various sizes can be used in inver-
tebrates studies. Luff (1975) demonstrated that the efficiency of traps is propor-
tional to their circumference; however, the use of traps with very small diameters 
(2.5 cm) was very efficient in catching very small beetles. 

More than one trap should be placed in the study plot, to increase the probability of 
material collection in the event of damage made by, for example, animals. In moni-
toring studies it is beneficial to use the same number of traps in every study plot. 
There should be at least three traps. When it comes to very mobile invertebrates, 
the distances between the traps should be greater, to avoid one trap catching the 
material of other traps (Zalewski 1999). 

The time of trap operation can differ depending on the studied animal group.  
In the case of soft-bodied animals, such as spiders, which can quickly decompose 
in summer, it is recommended to empty the traps every two weeks. In the case of 
hard-bodied beetles, on the other hand, the traps can be emptied once a month 
(Ausden, Drake 2006).

The traps should be emptied with care. First the contents of the trap should be 
strained to separate the preservation fluid, which, if not contaminated can be  
reused. The material should be placed in a container that can be closed tightly and 
submerged in 75% ethyl alcohol.

One should remember to always place a label on the collected sample. It is best to 
place the label with information on the place, date, method, and person collecting 
inside, and caption the container with a permanent marker on the outside.

While collecting the samples using Barber traps, one should pay special attention 
not to interfere with the structure of the studied habitat, and especially the imme-
diate vicinity of the traps. Permanent paths leading to every trap should be demar-
cated.
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Fig. 81. The subsequent stages of placing Barber traps
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According to Merrett (1967), three years is the minimum catching period which 
makes it possible to determine the species diversity of epigeic spiders (living on the 
ground and in the litter) in a given habitat. Thank to their long operation, Barber 
traps yield data for more detailed assessment of the species diversity of epigeic 
spiders than the square method, which consists of screening plants and litter in  
a limited, set area (Kajak 1960; Uetz, Unzicker 1976). The distribution of traps and 
time of their operation should be the same for all study plots to facilitate result 
comparison (Luff 1975). The greatest advantage of this method is the possibility 
of systematic catching of invertebrates simultaneously in numerous habitats or on 
many plots (Breymeyer 1961).

Sweep nets are often used to catch invertebrates (fig. 82). This method is eagerly 
used by researchers to catch invertebrates among low vegetation, especially flies, 
true bugs, spiders and small beetles (Ausden, Drake 2006). One advantage of this 
universal method is that it constitutes an easy, quick and efficient way of catching 
significant numbers of invertebrates. Animals that can be marked without specialist 
equipment or the necessity to make specimens of body parts, can be identified on 
site and freed. When it comes to groups that are difficult to identify in the field or 
if it is necessary to collect all possible specimens, the animals must be preserved.

Sweep netting is a method that proves useful in the collection of samples from 
most types of vegetation, but can be less effective in the case of very tall reeds or 
very low or thorny plants (Ausden, Drake 2006). One should bear in mind to collect 
samples from vegetation which was not distorted by treading, and off which the  
local animals were not shaken. The effectiveness of sweep netting is also much 
lower during wind and when the plants are wet after rain or early in the morning 
because of dew or mist.

In most cases, samples collecting using sweep nets are of a qualitative and not 
quantitative nature. Attempts are made, however, to conduct quantitative analyses  
of the collected material (Dąbrowska-Prot et al. 1973; Łuczak 1991; Łuczak 1995). 
The quality of the collected material is often connected with the skills of the  
sweeping person, and the force and angle of the sweep net frame. It is not always 
possible for the samples to be collected by one individual, which is why a detailed 
procedure for sweep netting should be prepared during monitoring.
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The material collected using Barber traps and sweep nets encompasses many ani-
mal groups, and its identification can be conducted only after meticulous segrega-
tion (fig. 83). A person responsible for such segregation must be well versed in the 
morphological features of invertebrates to classify individual animals into specific 
taxonomic units – phyla, orders and families. The material collected on site and 
preserved in 75% ethyl alcohol should be placed in a tray preferably of a light (white 
or yellow) colour, to make sure that the collected specimens, usually dark, are well 
visible. Next, the individual groups of animals should be placed in test tubes, which 

Fig. 82. The collection of samples using sweep nets
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have been prepared beforehand and filled with alcohol. Every test tube with seg-
regated specimens should be labelled. It is a good practice to keep a register of 
segregated samples and record which animals were present in individual samples, 
as well as the number of test tubes with the material and the name of the segre- 
gating person.

Research in the species diversity of spiders are best carried out all year round on 
permanent study plots. This facilitates the detection of the greatest number of spe-
cies which is connected with the diversified phenology of individual spider species. 
In Central Europe, most spiders are active from spring to autumn; however there 
are also species active in winter (Tretzel 1954; Aitchison 1984). Due to the labour 
intensity and cost of multiannual studies, one can consider shortening the catch 
time or reducing their number in the year.

Fig. 83. The individual stages of the segregation  
of samples collected using Barber traps  
and sweep nets 
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It is recommended to catch specimens from mid April to mid July, when the number 
of species in a given location is the highest. This is the breeding season of many spe-
cies, during which they demonstrate increased mobility, making it easier to catch 
them. This is especially true for epigeic spiders from the Lycosidae family (Samu, 
Szinetár 2002). The selection of one catching term in the year depends on the type 
of habitat and the caching method employed. When it comes to Barber traps, the 
best period to catch epigeic spiders in winter crops and fresh meadows is May, 
and for wet and alluvial meadows with fluctuating water levels, June (fig. 84–86).  
On the other hand, should one use sweep nets to catch epiphytic spiders, the best 
period to do so in winter crops is from late April to late May, and for meadows, 
May (fig. 87–89). One should ensure that the material is collected before swathes, 
which reduce the population and species variation of chiefly epiphytic invertebrates  
(Nyffeler, Breene 1990; Thorbek, Blide 2004).

Fig. 84. The average number of spiders caught using Barber traps in winter crops, from April to July over the course 
of four years of study, on 25 study plots on average. The Roman numerals indicate subsequent months
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Fig. 85. The average number of spiders caught using Barber traps on fresh meadows from May to August  
over the course of three years of study, on eight study plots on average. The Roman numerals indicate  
subsequent months

Fig. 86. The average number of spiders caught using Barber traps on meadows with fluctuating water levels  
from May to August over the course of three years of study, on eight study plots on average. The Roman numerals 
indicate subsequent months
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Fig. 87. The average number of spiders caught using sweep nets on fresh meadows and meadows with fluctuating 
water levels, from April to July over the course of four years of study, on 25 plots on average. The Roman numerals 
indicate subsequent months, ś – midmonth, k – end of month

Fig. 88. The average number of spiders caught using sweep nets on fresh meadows from May to August over 
the course of three years of study, on eight study plots on average. The Roman numerals indicate subsequent 
months, ś – midmonth, k – end of month
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The most often used measures of species diversity of invertebrates are species  
variation (number of species), the Shannon–Wiener index and the Simpson’s  
Diversity Index (Maguran 2004). The last two indicators are of a quantitative na-
ture and take into account the population of individual species in a studied area.  
Magurran (2004) states that the Simpson’s index, which highlights the significance 
of dominant species, describes species diversity more faithfully. Furthermore, it is 
advised to analyse the populations and species composition of groups in diversity 
studies.

Fig. 89. The average number of spiders caught using sweep nets on meadows with fluctuating water levels,  
from May to August over the course of three years of study, on eight study plots on average. The Roman  
numerals indicate subsequent months, ś – midmonth, k – end of month
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