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ABSTRACT

The monitoring and evaluation of changes in biodiirg is a subject for many biological
and ecological disciplines. Biodiversity loss hasdme a social and political issue over the
last few decades, and protection of biological diitg has emerged as one of the main
subjects within national nature conservation peficas well as international conventions,
conservation targets and political programmes (bayConvention on Biological Diversity,
Target 2010, SEBI 2010, CITES, Ramsar Conventiampean Landscape Convention).
The establishment of a monitoring scheme basecappropriate set of indicators is vital
for precise assessment of the effectiveness of unessapplied within biodiversity
protection (e.g. action plans for endangered spe@gro-environmental and landscape
protection programmes). Many indicators of biodsitgr change have been proposed, but
their representativeness and applicability freglyesuffer from poor available data or local
circumstances. The concept of species and landstigpesity evaluation using a fixed set
of indicators has been developing in other Europmamtries for some two decades, but
this approach is still sporadic in the Czech Rejpubl

This paper provides a review of the current stdt¢his topic in the Czech Republic,
discusses the concept of establishing a futur@matbiodiversity monitoring network, and
proposes a self-contained set of indicators cogeailh organizational and spatial levels.
These proposals will enable scientifically based anfficiently accurate evaluation of
existing trends in biodiversity and its projectiomo the future based on foreseeable land-
use changes.

Keywords: indices, biodiversity monitoring, landscape chesdiodiversity indicators

INTRODUCTION

The term biodiversity, which is generally understdo mean the diversity of organisms
and their environmental factors, has seen incrgasse over the last few years, and its
excessive use is typical of the public administratdr political sphere. Nevertheless, it is
worth emphasising that biodiversity is not représdronly by numbers; diversity relates to
the ranges of genes, species and ecosystemsddttladlir organizational and spatial levels
and, therefore, diversity can be distinguishedhatgenetic, species or ecosystem level.

Loss of biodiversity is currently considered onetttd most important of environmental
problems. This has led many countries and intewnatiinstitutions to sign conventions
and to implement programmes of biodiversity prategtthe most important of which is
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the Convention on Biological Diversity (CBD), 199Zhe Czech Republic has been a
contracting party to the Convention since 1994 has created a mandatory government
document entitled the “Strategy of Biodiversity ®aiion”, which has been integrated into
the policies of the National Programme of Nature&&vation and Landscape Protection
and National Environmental Policy. According tostldocument, biodiversity protection
requires that specific aims and tasks be addressed.

The means of biodiversity monitoring have alreadgrbaddressed in the Czech Republic
(Absolon, 1994) and, at present, progress has besle as regards species and biotope
monitoring due to the need to define the limits Syfecial Areas of Conservation and
Special Protection Areas within the NATURA 2000watk. Only recently, however, have
more comprehensive attempts been made to tacldestifiject, based on a compact set of
indicators (V&kar, 2005). The activities of the Agency for Nature nGervation and
Landscape Protection of the Czech Republic andBRimplatforma organization have
contributed to this to a considerable degree. Nbetss, the absence of a leading
coordinating authority with a clear specificatiamdaime schedule, a financial deficit, and a
shortage of national and long-term monitoring pamgmes focused on different aspects of
biodiversity remain vital problems (VE&xova, 2007).

At this stage, it is necessary to compare exidtingiversity monitoring programmes and
methodological approaches, suggest indicator osgangroups, indicate possible data
sources or possible connections between monitogragrammes currently ongoing,
propose suitable sets of indices of biodiversitsrade that would help to clearly assess the
impacts of anthropogenic activities on species laatuitat diversity, and arrive at a concept
for a comprehensive monitoring network.

INDICES OF BIODIVERSITY CHANGE

The cultural landscape of Central Europe has begrosed to two contradictory
processes over the last few decades. On the or tian environment is influenced by
increasing pressure in the form of urbanizationcpsses, traffic network development,
recreation, as well as intensification of industdad agricultural production (EEA, 2005;
2007). On the other hand, vast areas have beemctulgy marginalization due to the
abandonment of traditional land-use processesoth bases, there have been changes in
biotope character, landscape and ecological fumctand biodiversity level. For the
purposes of assessing change in biodiversity atswditial and organizational levels,
therefore, different sets of indicators might sel® suitable tools. These use easily
qualifiable variables that characterize speciesinalance and diversity, their biotopes, and
other related phenomena over a given time inteAd#hough indicators regarding species
diversity have been in use for a long time, theyehanly been under development over the
last decade in the field of assessing habitat dityechange.

The indicators should be applied to homogenousyné. to single taxonomy groups of
organisms, formation groups of biotopes or landscjpes), as this is the only way to
interpret the existing development and assess tieras (Lipsky et al., 2006; Haines-
Young et al., 2005).

A number of indicators and approaches to theiriagfibn in specific areas have been
introduced in foreign literature. There exist, hewe considerable methodological
fragmentation a lack of lucidity, and numerous méthlogical shortcomings in this
relatively new direction in geo-ecological resea(Blastian et al., 2006; Dale et al., 2001;
Haines-Young et al., 2005; Miller et al., 2006}etpreting the results of such indicators
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can be complicated, as the various indicators a@ptiften coincide as to content and,
hence, correlate with one anther (McGarigal, 200ascher, 2002). Further, there is no
unified terminology and typology for indicators (N&r et al., 2006; Wascher, 2002). Not
usually taken into account are such facts as Heatates of various indices are sensitive to
the number of land-use classes, species or hdifas (Baldwin et al. in Bailey et al.,
2007), as well as to the format of the data entéBadley et al., 2007; Lausch et al., 2002).
It is very difficult to come up with a suitable i@that provides a professional conception
of indicator theory as regards simplicity (whichniecessary for its practical application)
and complexity (which is indispensable in ordemgtarantee the scientific quality of the
indicator system) (Mdiller et al., 2006).

COMPARATIVE ANALYSIS OF MONITORING PROGRAMS

Many monitoring programmes (see Appendix 1) haveeagly been planned and
implemented, as the need for long-term monitorifiithe environment and populations has
long been recognised by various nature protectistientific institutions. In their simplest
form, these provide counts of the individuals oftigalar groups of interest (e.g. birds,
bats, butterflies). Monitoring programmes with adioen level of coverage and complexity
observe more groups and factors (e.g. Ontario’'g&@m Escarpment Monitoring Program).
The most sophisticated monitoring programmes, whioker large territories, assess
biodiversity at many levels (e.g. Biodiversity Mtming of Switzerland, Alberta
Biodiversity Monitoring Program, United Kingdom Riwersity Action Plan, US
Environmental Monitoring Assessment Program, anaddman Biodiversity Monitoring
System).

As part of a pan-European initiative launched i0£0the Streamlining European 2010
Biodiversity Indicators programme (SEBI 2010) pdrs a set of indicators that are the
most appropriate for the situation in the Czechu®dép. The aim of the programme was to
develop a set of European biodiversity indicatarsfdcilitate the undertaking of the
European Union (EU) to halt significant biodiveydibss by the year 2010 (EEA, 2007). As
the Czech Republic is a member of the EU, and adntlicators within SEBI 2010 are
connected with those used in existing EU monitogngjects (e.g. for the monitoring of
NATURA 2000 habitats and species), this set ofaattirs represents an important model
for a potential national programme of biodiversitgnitoring.

Despite the high variability in systems used fornitaring biodiversity in different
countries, five common priorities stand out in coefgensive monitoring programmes:

1. Monitoring of species diversity

2. Monitoring of the ecosystem

3. Monitoring of genetic diversity

4. Monitoring of biodiversity threats

5. Monitoring of biodiversity and socioeconomicstie

Monitoring of species diversity

Monitoring of species populations of particulareir@st groups (e.g. birds or butterflies)
does not provide a complex view of the topic atfglance; with regard to the length of the
time series of observations, however, high-quakisults can be extracted. These data can
be supplemented with data on landscape changebh &sitype of agricultural or forest
management, fragmentation, water pollution or s@igradation) and their influence on
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populations of organisms subject to long-term nainig. The monitoring of species

abundance and distribution has, therefore, imméngpertance as a primary data source,
through which we can monitor biodiversity developineack in time and often reveal the
cause of relations between particular types of renmental change and changes in
biodiversity.

Comprehensive monitoring programmes always implybservation of abundance and
distribution of various organisms of interest, titge with observation of other supporting
factors. Among the most monitored groups are KiBdsdiversity Monitoring Switzerland,
Alberta Biodiversity Monitoring Program, UK Biodikgty Action Plan, SEBI 2010 Plan,
Ontario’'s Niagara Escarpment Monitoring Program, &E&vironmental Monitoring
Assessment Program), butterflies (Biodiversity Moring Switzerland, UK Biodiversity
Action Plan, SEBI 2010 Plan, Hungarian Biodiverditgnitoring System), mammals, or at
least numbers of their species or some of theiruggo (Biodiversity Monitoring
Switzerland, Alberta Biodiversity Monitoring PrognaUK Biodiversity Action Plan, SEBI
2010 Plan, Hungarian Biodiversity Monitoring Sysjenhigher plants (Biodiversity
Monitoring Switzerland, Alberta Biodiversity Moniiog Program, UK Biodiversity
Action Plan, SEBI 2010 Plan, Ontario’s Niagara Egoegent Monitoring Program, US
Environmental Monitoring Assessment Program, HuiagarBiodiversity Monitoring
System). Lower plants (Biodiversity Monitoring Swétland, Hungarian Biodiversity
Monitoring System), molluscs and orthoptera (Bi@dsity Monitoring Switzerland), as
well as different components of water ecosysterush sas zooplankton, phytoplankton,
fish, benthic algae and macroinvertebrates (Alb&iadiversity Monitoring Program),
have also been the subject of monitoring.

Monitoring of the ecosystem

Monitoring of changes in ecosystem diversity is seeond keystone of comprehensive
monitoring programmes operating at several spaiiales. In these programmes, both
qualitative and quantitative indicators of partanuecosystem types have been monitored.
Indicators of biotope quality focus most frequently particular ecosystem functions, the
rate of anthropogenic degradation and overall heaftthe ecosystem. In the case of
guantitative indicators, these usually consist efessment of structural and metric
parameters, such as changes in the area, shaperodesteity, fragmentation and
connectivity of individual biotope patches. Prograes that have covered such a complex
scope include Biodiversity Monitoring Switzerland|berta Biodiversity Monitoring
Program, UK Biodiversity Action Plan, SEBI 2010, hfyarian Biodiversity Monitoring
System, and the US Environmental Monitoring AssesgrRrogram.

Monitoring of genetic diversity

Monitoring of genetic diversity has been implement& Biodiversity Monitoring
Switzerland, the UK Biodiversity Action Plan, andet SEBI 2010 Plan. This type of
diversity is especially important as a potentiaurse of genes for economic use. In
practice, this is a matter of monitoring the nunsbef particular animal breeds and plant
varieties, assessing their current proportion ierall number of animals or in cultivated
areas, and defining appropriate measures to betedighould some rare genetic variety
become endangered. It is obvious that some gualitieolder breeds and plant varieties,
which cannot compete with modern varieties, malf b& valuable and useful for the
future. Their values include especially resistataanfection or to other environmental
factors (e.g. cold or moisture) that modern genetiteties often lose.
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Monitoring of biodiversity threats

The following processes are currently considered bt fundamental threats to
biodiversity: 1) eutrophication and acidificatiofi @cosystems, 2) the spread of invasive
species, and 3) climate change. As a consequenesgm monitoring systems and data
collection are designed in order to collect andngfjathese aspects and their causes. A
comprehensive biomonitoring programme that aimsmianitor the influence of these
aspects cannot work, however, without high-quaktypporting data that quantifies
atmospheric deposition of nitrogen, nitrogen leaghirom the watershed, the spread of
invasive species or climatic data. These datahencontext of monitoring the expansion of
nitrophilous plants, their representation in ectmys and penetration into what were
originally mezo- or oligotrophic habitats, providealuable initial data for assessing the
influence of eutrophication on biodiversity.

Whereas the influence of eutrophication and theagpiof invasive species are monitored
in detail in a majority of the aforementioned monitg systems, only the UK Biodiversity
Action Plan, Biodiversity Monitoring Switzerlande8I 2010 Plan and US Environmental
Monitoring Assessment Program are attempting tesssthe impact of climate change on
biodiversity.

Monitoring of biodiversity and socioeconomic ties

The topic of biodiversity and its protection reets a complex subject that intervenes
in many fields of human activity. Impacts might lume, for example, the implementation
of legislation for biodiversity protection, the wohe of financial resources for biodiversity
protection, the extent of protected areas, theesoélintegrating biodiversity protection
goals into regional programmes and strategies, rexpetivities, and time spent by
volunteers on biodiversity protection.

SOLUTION METHODOLOGY

Based on a comparative analysis of recent mongopirogrammes, we found that the
most comprehensive of these programmes monitoaasess biodiversity changes in terms
of the five general priority topics mentioned above

A. Monitoring of species diversity

Most people consider the concept of biodiversityniean the number of each species at a
particular site, in a certain habitat, or in a oggior country. As changes in species’
abundance and diversity, or changes in their digtion, are currently the subject of many
biological disciplines, we have at our disposakhatively long time-series of interesting
data. The most valuable data are those gatherethegrgwith environmental data that are
intended to establish a link between populatiomngea and environmental factors, and to
reliably prove causality between an environmerttainge and a change in the abundance or
species structure of a monitored community. Tleeséronmental data can be divided into
three basic groups:

« Data on habitat quality, e.g. the ratio of natumabitats, the abundance of alien
organisms, forest area dominated by non-indigetrees or deadwood per hectare.

« Data on landscape structure, e.g. measures of éaigion, richness of types of
land cover, patch heterogeneity and diversity,dyeedensity.
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« Data on quality of the abiotic environment, e.gtriemt supply in the soil, soil
degradation, climate change, or air and water fioliu

If these findings are to prove useful for the stadiodiversity, it is important that the
collection of data be undertaken using a sophistitand standardized methodology and
that a given group works as an indicator, i.e. ¢hgiven group must be sufficiently reactive
to environmental change in the habitat, and thatréte of change in species richness of
this monitored group can be interpreted and exteapd as a rate of change in the total
biodiversity of the studied site. In addition teethuitability of the methodology used for
monitoring, it is also important that organism gyewsed as biodiversity indicators be
popular with the wider public. Finally, if we wat® monitor a wide region, or even a
whole country, an enormous number of study sitds iveied to be examined. This will
usually exceed the personnel capacity of academsiitiitions and, therefore, part of the
work will have to be entrusted to methodically mesd volunteers from non-governmental
organizations.

Proposed groups

Based on a comparative analysis of existing andngld monitoring programmes from
around the world, several groups of organisms Hmen chosen for future gathering of
data, based on their bioindicative characteristease of data gathering and ease of
determination. These groups are: higher plantsjuscd, butterflies, dragonflies, ground
beetles, fish, amphibians, reptiles, birds and matem

The aforementioned taxa cover a significant parthefbiodiversity of the country and,
together with data from the NATURA 2000 monitorimgpgramme, which includes data on
species from the missing groups, and data obtdgezkamination of local fauna and flora
studies, they should provide a very satisfactoalolase for an assessment of the state of
species diversity in the Czech Republic.

Databases

The results of current monitoring programmes (ggeanonitoring within NATURA
2000, Breeding Bird Monitoring Programme of the €z&ociety for Ornithology €SO,
monitoring activity of the Czech Butterfly Consetiga group — SOM, bat censuses at
wintering sites by the Czech Bat Conservation TREESON), the database of the Agency
for Nature Conservation and Landscape Protectionthef Czech Republic, updated
distribution atlases (Moravec, 1994; Amd and Hanzal, 1995, 1996; Amd, 2000;
Andéra and Bene§, 2001, 2002; Heek, 2001; Mikatova et al., 2001; A¥rd and
Cerveny, 2004; Hanak and Afrd, 2005, 2006; Btka et al., 1996; Zstny et al., 2006),
hunting statistics, results of local fauna anddl@esearch, and others, are all potential
sources of data for the monitoring of biodivergibyanges in particular species groups. A
further source of data will be the very large hyaotogical monitoring programme being
prepared as part of implementing the EU Water Freanie Directive. In addition, the latest
versions of the lists of vertebrates, invertebrated plants listed in the IUCN’s Red Data
Book are also available (Prochazka, 2000; Plesndt.e2003; Farkaet al., 2005; Kiera
and Véa, 2005).
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Proposed types of indicators

Trendsin abundance and distribution of selected groups

This type of indicator is based on analysis andrprietation of currently available data
on abundance and distribution of particular spegiasinly birds, bats, day butterflies and
species monitored within NATURA 2000).

Changesin status of endangered species (e.g. Red List | ndex)

With the help of Red Data Lists based on differsnioeregion, time and habitat, we can
produce a Red List Index (Butchart et al., 2004)5)(that allow us to analyse changes in
status against abundance and distribution trendsngUthis method, problems can be
analysed from different perspectives, providing veers to such questions as which
systematic group is most at danger, or which hesbitall enable the survival of the most
endangered species? The Red List Index methodolbgyefore, can be used both for
amphibians over the whole of the Czech Republid fam analysis of birds in the open
landscape of the South Moravian Region (i.e. ah laohational and local level). Analysis
by functional group, habitat and region will bribgth essential benefits and provide an
interesting new viewpoint to this matter.

The IUCN Red Data Book is widely recognized asrttust objective and thorough list of
species in danger of extinction (Lamoreux et &03 Hambler, 2004). Species are divided
into several categories according to their rislextinction by means of a relatively subtle
methodology (IUCN, 2001). As regards their usedata, both the available Red Data Lists
(Prochazka, 2000; Plesnik et al., 2003; Farkaal., 2005; Kéera and Véa, 2005) and
additional expert statements can be used.

B. Monitoring of the ecosystem

Among the topical subjects of recent research leen lihe assessment of changes in
ecosystem diversity and species richness as ref@dstensity of human induced land-use
changes. Monitoring of changes in biodiversityta ecosystem level requires the use of
existing digital databases and their subsequermtegsing using GIS geostatistical methods.
These databases not only provide information orytpe, distribution and state of biotopes,
they also differentiate them according to theirtestaf preservation or, more precisely,
according to the impact of anthropogenic influenoeghe original biotope, fragmentation
or protection level. The CORINE Land Cover datab&se 1990 and 2000 and the
NATURA 2000 biotope-mapping layer were chosen astiost suitable vector layers.

Databases

CORINE Land Cover currently represents the onlyabase in the Czech Republic that
describes both the present state and changesdrnutanfor the whole country, including its
relationship with other EU countries. The regulpdating of these data (1990, 2000 and
2006) using remote sensing methods is a big adganté this system. As this enables
landscape change assessment through the use ofiebjerocedures, it is an indispensible
source of information for an integrated assessroéttie state of the natural environment
and for spatial analysis at different levels.

The Czech NATURA vector database, which has noogyaln any other European
country as regards the area covered, is probablyniist important information source for
the character and state of natural and semi-nahicdbpes in the Czech Republic. In a
similar manner to the CORINE database, NATURA iatowously updated on a 12-year
cycle and will, therefore, become an invaluablersewof information on the dynamics of
mapped biotopes. The range of mapping corresporitistie environmental significance
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of each territory. Only protected areas have beapp®d in detail, therefore, and large
areas of cultural landscape were only mapped ctraly or not at all. The categories of
the NATURA 2000 database were maintained in theigimal form and additional
segmentation of biotopes was carried out accordirigeir level of preservation listed in an
attribute table.

The synthesis of the aforementioned data resuftedqualitatively new database, which
covers the whole of the Czech Republic and, as#ime time, provides information on the
level of degradation of the original biotopes. Tdneation of this data layer is an essential
condition for calculating one of the key indiceshe Biodiversity Intactness Index (BII) —
needed for an assessment of changes in biodivergitlyin a range of degraded
environments in the cultural landscape. On thesbaéiexpert statements for particular
taxonomic groups of indicator species, their bietopeeds, and their sensitivity toward
biotope degradation, new basic biotope groups wvaetermined and divided into five
categories, according to their level of degradatiimese were then classified on the basis
of spatial distribution, either according to theegmries of the NATURA 2000 database or
the adapted nomenclature of the CORINE Land Co06602rogramme.

The map of potential natural vegetation, producetlbuhduslova et al. (1997), provides
a reference layer for the initial biotope situatidn addition, it can be used for the
formulation of indices as regards changes in padicbiotopes, and especially in the case
of model studies. A database of all the protectezhs of the Czech Republic, at all
hierarchic levels (national parks, protected laagscareas, nature reserves, NATURA
2000 network sites, natural parks, territorial egstof ecological stability — USES,
UNESCO Biosphere Reserves, etc.) provides a funtseful layer. This can be used to
formulate an average representation of protectetbjpés and for the calculation of some
essential indices (e.g. the proportion of protedsettl in an area, the level of protection,
compactness and connectivity of protected areaslated biotopes).

Proposed indicator types

An assessment of changes in biodiversity at thelSeape or ecosystem levels is a
complex topic and requires the involvement of vagsishematic groups of indicators. On
the basis of a search of international studies,waitldl respect to the possibilities for local
data collection, the following groups of indicatevere proposed:

1. Indicators of changesin the range of selected ecosystems and biotopes

The determination of these indicators requiresahalysis and processing of currently
available digital data on the distribution and depenent of ecosystem range in the Czech
Republic, i.e. vector layers of biotope mappingnfrthe NATURA 2000 and CORINE
Land Cover 1990 and 2000 databases.

2. Indicators of changein the size of protected areas

The tracing of states and size trends of proteetexhs is based on gathering and
processing the available digital data on proteetes of all types in the Czech Republic,
and on determining the proportions of protectedhanéthin defined spatial units (e.g.
administrative units or mapping squares). Layerpasficularly protected areas, areas with
general protection (natural parks, USES), siteshiwmithe NATURA 2000 network,
UNESCO biosphere reserves, Important Bird Areas, iamportant wetlands within the
Ramsar Convention are all used as input data. ft@rporation of the databases of the
Czech Union for Nature ConservatiocdSOP) and other non-governmental organizations,
from a range of non-state protected areas in tleelCRepublic, is also indispensable.
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3. Indicators of changein ecosystem connectivity and fragmentation

This set of indicators determine the basic metdcameters for fragmentation and
connectivity within the main ecosystem types thtoube use of specialized software
packages (FRAGSTATs and Patch Analyst for the AEc@xtension) on existing data
recording the state of the biotope (NATURA 2000y am the type of landscape cover
(CORINE 1990 and 2000).

4. Indicators of areas of forest, agricultural and water ecosystems under sustainable
management

Analysis of the area covered by agro-environmersiabsidies within agricultural
production, assessment of differences in foresdyetion, and the provision of information
on water and fisheries management is probably dnieo most time-consuming tasks
within such projects. As no unified system has bdereloped for the collection and
assessment of such information, the final propdselthe determination of particular
indicators must be adapted to the character ofithie available. Statistical databases from
the appropriate departments of the Czech MinistieAgriculture and the Environment,
the Forest Management Institute, and the Hydrogicad Information System map servers
are considered to be initial information sources.

C. Genetic diversity monitoring

Genetic diversity is one of the significant levatswhich biodiversity is monitored. At
present, most genetic diversity monitoring progrararare focused on the genetic diversity
of domesticated animal breeds, cultivated plantietias, and fish of socioeconomic
importance (Biodiversity Monitoring Switzerland, URiodiversity Action Plan, SEBI
2010 Plan). As regards the genetic diversity oflvatganisms, a number of studies are
being carried out that examine the genetic divwersftendangered species; however, no
overall methodical framework for monitoring the eligity of the genetic fund of wild
animals presently exists.

Databases

Statistics of the Ministry of Agriculture, and arahueports from the National Program
for the Maintenance and Use of Genetic Resourcésvettock, Fish and Bees can both be
used as data sources. Specialised expert studies ifrstitutions such as the Eheéves
Research Institute of Animal Production, the Ruzy®rop Research Institute, or the
National Focal Point for Conservation and Utilisatiof Farm Animal Genetic Resources
can also provide important information.

Proposed types of indicators

1. Genetic diversity of domesticated animal breeds and cultivated plant varieties

The definition of the categories monitored is intpat such that data collection can be
repeated over particular periods. The basic indisatwhich should be monitored, are a
number of breeds of the livestock and plants vieseand their proportion.

2. Genetic diversity of wild organisms

The assessment of genetic diversity in wild orgasiss usually assessed through the
determination of such factors as the influence ehagic drift, genetic “bottlenecks”,
undesirable hybridism, etc. This matter is currettitting dealt with only at specialised
institutions and using model organisms. The resslisuld indicate which species within
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particular groups, as well as what proportionshef $pecies, are endangered by a lack of
genetic diversity.

D. Monitoring of threats to biodiversity

The proposed set of indicators would not be corepletless the indices covered all
levels of endangered diversity. We therefore prephat the following sets of indicators be
also included into the monitoring system.

Databases

The databases and statistics of the ministriesgsicélture and the EnvironmerESOP,
and the Czech Geological Survey are considereduadafmental. A more detailed
overview, however, requires the inclusion of daitarf species monitoring of taxa that are
sensitive to eutrophication and acidification witlbihe ecosystem, as well as of taxa that are
endangered due to invasive species. Both data ft@mological observations and from
zoological and botanic research that includes aglogical aspect can be used to assign
indicators for changes in biodiversity as a realiliclimatic change, as can data from
inventories (and re-inventories) of protected amghasre a strong impact of climate change
is expected. Vegetation surveys and specialisetiestin the most significant and dynamic
invasive species can provide complementary datecesu

Proposed indicators

1. Indicators of eutrophication rate

Eutrophication is one of the fundamental factorsCientral Europe that has a global
impact on all ecosystems. One of the goals of phigjramme should be the creation of a
list of species sensitive to eutrophication andrthéure detailed monitoring. It is further
necessary to monitor indicators of habitat eutrogtidon using the open sources of the
ministries of Agriculture and the Environment, tBzech Geological Survey, and the
Watershed Companies.

The output of this work will provide lists of nitpbilous and nitrophobous species,
assessment of trends in eutrophication based oim theansion or recession, and
determination of the biotope types most in dangamnfeutrophication.

2. Invasive species

Monitoring of the number of invasive species, daenagused by such invasive species,
and the distribution or abundance of individualasive species is an essential part of any
comprehensive monitoring effort for changes in bietsity. For spatial determination of
the extent of the problem, we suggest that an sissat of the presence of invasive species
in particular regions, as well as specificationtltsd number of occupied mapping squares,
would be a suitable approach.

This should produce a list of the most significamtasive species and of the most
affected biotopes, as well as an analysis of tlstridution of invasive species and the
dynamics of this process.

3. Impact of climate change on biodiversity

An assessment of this topic is possible using #seilts from species monitoring. It is
essential that phenological trends over longer tipeeiods be identified (e.g. on the
occurrence of particular butterfly species by répearansects). The use of climate and
meteorological data (changes in temperature andpitation distribution) in combination
with changes in abundance and distribution of tlwrensensitive species (e.g. decline in
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cryophilic species or movement of thermophilouscggmeto higher altitudes) would provide
another view of this issue.

Suitable outputs of climate change impact studiedists of species for which a change
in territory occurs or, potentially, a change inuatance in accordance with climate
change; a list of species in which such changepradicted, but which have not yet shown
any change; further lists of species which reactlimate change; and a comprehensive
expert assessment of the issue based on datatindicdanges in distribution based on
assessing phenological data.

E. Socioeconomic relations of biodiversity

Species and, especially, ecosystem diversity al@erk to human activities in the
landscape and to the economic level and culturatastier of a country or region. For
meaningful monitoring of changes in biodiversityettefore, it is essential that processes be
monitored that affect the state of diversity in ert term. In particular, it is essential that
commitments to various legal regulations, agreememtd conventions, as well as the
functioning of various programmes and a range afngmresources for protection of
biodiversity, are both met and fulfilled. In additi it is essential that the engagement and
integration of expert and volunteer organizatioms the process of biodiversity
understanding and protection be maintained.

This part of the subject is focused entirely owgsid biology and ecology. It is necessary
to say, however, following a comparative analygisnonitoring programs, that this aspect
is applied in all comprehensive schemes, as no toramj programme would be complete
without involving this issue. As for funding forddiversity and its protection, this requires
a precise but sufficiently wide definition of whidlems can be included in this issue. As
such, this data analysis could be undertaken Ipeaialist or processed from open sources
(e.g. the State Budget Act or budgets of particolaristries) and repeated after some time
using the same standardized method.

Other parts of this topic require cooperation véteocio-demographic body and need to
be addressed using a questionnaire among non-goeetal organizations, and possibly
among ordinary citizens.

Data sources

Legal regulations (such as the State Budget Actjigbts and the statistics of particular
ministries (especially the Treasury Department, thénistries of Environment, of
Agriculture, and for Regional Development) servduaslamental sources of data.

Proposed types of indicators
e Investments in biodiversity protection
e Public awareness and participation in biodiverpitytection and research
< Patent applications for inventions based on gemesiources
* Implementation of environmental regulations

Suitable outputs of this theme might include a méttogical instruction manual for data
collection for particular indicator species, or tineplementation of a representative and
methodically well-designed data collection prograenfar each indicator species that is
carried out in such a way as to allow re-acquinhgepresentative data, comparison of the
results and identification of any differences releat.
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SYNTHETIC ATTITUDE TO THE ISSUE

The issue of biodiversity is also a subject of fdi discussion as regards the
international commitments of the Czech Republic d@nel EU. For this reason, it is
necessary to tackle the problem with the help of-defined, scientifically supported
synthetic indices that summarise the dynamics oflibersity development into a few
general numbers. In order to promote biodiversitiorjiies, it is essential that these
complicated problems be introduced to politicalresgentatives in a simple and clearly
defined way through the use of highly aggregatelites (Brink, 2006).

We see the Red List Index (which is based on tlaegered status of particular taxa and
is mentioned in section 4.1) and the Bl (whichypdes a wider and more detailed view) as
the two most basic and well-designed tools forrttumitoring of species diversity through
which communication with the wider public and picléns will be made possible (Scholes
and Biggs, 2005).

Biodiversity Intactness Index (BII)

This index is designed to establish species richagthin particular biotopes and relative
changes depending on the status of degradatioranagement of the biotope. The BIl was
first applied in the vast areas of southern Afriaéth the results being published in 2004
and 2005 (Scholes and Biggs, 2005).

The index describes general rates of biodiversityparticular ecosystems (forests,
wetlands, etc.), in particular land-use classeg. (@tact and protected areas, moderately
used, degraded, intensively cultivated plantatiansl, urban habitats), in terms of particular
taxonomic groups (plants, birds, amphibians, etar)d in defined geographical areas
(particular countries, regions). It is counted a&s amea-weighted index of reduction in
species populations of a given ecosystem at aiceleézel of the land-use class in
comparison with the reference population (intagiydation from protected area) in a given
ecosystem.

The advantage of the index lies in its ability ® froperly disaggregated according to
different axes. Also important is that it has taene meaning at all scales and that it can be
modelled back to the past or projected to the &iacording to various scenarios.

Work on calculation of the index is very much coctee with existing monitoring
programmes. By means of this index, and with tlecdisuitably sophisticated input data,
it is possible to quantify biodiversity loss of ivat species; evaluate, to a certain degree,
differences in habitat biodiversity; and asses# lpatst and future scenarios of landscape
change in terms of biodiversity.

A. Concept of a general system of biodiversity motaring in the Czech Republic

A possible monitoring programme for the Czech Réiputas been developed based on a
comparative study of previous monitoring programniisir critical assessment, and the
context of this issue within the Czech Republic.

Spatial Scale:
It is clear that the system has to work at more thae spatial scale, i.e. at the:

* National,

« Regional, and
e Local and biotope levels
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Monitoring priorities

Three value systems have been identified as regaatstoring (Duelli and Obirist,
2003): 1) conservation (protection and enhanceroémare and endangered species), 2)
ecology (ecological resilience and functioning loase species diversity), and 3) biological
control (diversity of antagonists of potential g@sOur monitoring priority is naturally that
of ecological monitoring.

Biotope stratification

Aside from a territorial hierarchic structure, tim@nitoring system must include biotope
segmentation in order to assess trends in pantibitéopes. Based upon expert statements
on various groups of organisms, we have divided ldm@scape into the following
categories: 1) still waters; 2) water streams; 8tland and shorelines; 4) springs, fens,
mires and bogs; 5) cliffs, screes aales; 6) subalpine and alpine areas; 7) meadows an
pastures; 8) other grasslands; 9) heaths; 10)widarr and riverine scrub; 10) tall mesic
and xeric scrub; 11) low xeric scrub; 12) deciduand mixed forest; and 13) coniferous
forest. From a botanic point of view, this partitics extremely simplified. In a traditional
classification of vegetation, which involves allgortant characteristics, several dozens of
community groups may be used. From a zoologicabtpof view, this division does not
strictly cover those factors that have an effectaoimals. It is, however, the inevitable
compromise of having to work with these two groapsrganisms together.

B. Proposed comprehensive set of indicators of chges in biodiversity

An output of this programme has been the propdsalammprehensive set of indicators
of changes in diversity from the genetic to the sgstem level. The set of indicators
presented here is structured such that it refleoth the complexity of the topic as regards
the current possibilities for provision of data aatithe same time, records current trends in
changes to biodiversity. Actual indicators are gediinto the following categories:

1. Speciesmonitoring
1.1. Trends in abundance and distribution of the setespecies (or groups)
1.2. Number of species at a national and regional leared, changes in number
1.3. Species diversity in a region
1.4. Species diversity in a habitat
1.5. Changes in endangered status (e.g. Red List Index)
1.6. Proportion of endangered species in a particularamic group

2. Ecosystem monitoring
2.1. Indicators of changes in the area of selected atess and biotopes
2.2. Indicators of changes in the size of protectedsarea
2.3. Indicators of changes in ecosystem connectivityfeagimentation
2.4. Indicators of area of forest, agricultural and wattlization ecosystems under
sustainable management

3. Genetic diversity monitoring

3.1. Genetic diversity of domesticated animals and catéd plants
3.2. Genetic diversity of wild organisms
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4. Fundamental biodiversity threats monitoring
4.1. Eutrophication
4.2. Invasive species
4.3. Impact of climate change on biodiversity
4.4. Acidification

5. Biodiversity socioeconomic ties
5.1. Financing of biodiversity management
5.2. Public awareness and participation in biodiverpigtection and research
5.3. Patent application for invention based on genetiources
5.4. Implementation of environmental regulations
5.5. Size of protected areas
5.6. Integration rate of biodiversity protection goatsgoi regional programmes and
strategies
5.7. Attendance at protected areas
5.8. Volunteer time spent on biodiversity protection aadentific activities
5.9. Membership of societies engaged in biodiversitytgurtion

CONCLUSION

Biodiversity, its protection, and the monitoring dianges currently comprise a highly
discussed scientific and social topic, which iseetkd at the worldwide level (CBD, Target
2010 etc.), the European Community level (contra&®8D, SEBI 2010), and at the
national level of the Czech Republic (Strategy édl@&yical Diversity Protection in the
Czech Republic). The scientific community’s taskdsnvestigate the problem of changes
in biodiversity by means of well-defined and scificdlly based synthetic indices, which
summarize the dynamics of biodiversity developnier few general numbers, and then to
introduce this complicated issue to our politicginesentatives in a simple and clear way.

The results of current comprehensive monitoring gmammes (the Biodiversity
Monitoring Switzerland programme in particular) oty show the excellent scientific and
theoretical contribution of these projects, bubaglsovide priceless science-based data for
the determination of priorities in biodiversity aedvironmental protection. They also show
a high rate of adoption for conservation measuhescost-effectiveness of money spent on
biodiversity management, and the efficiency of addgenvironmental regulations.

The situation as regards the fulfilling of commitme to biodiversity protection in the
Czech Republic is far from satisfactory. Any sadatiwill prove to be an obligatory, long-
term and financially demanding task and we canmpeet that a scientific institution
without clear political and financial support oretpart of the state will be able to rise to
this challenge. The absence of a main coordinatindy with an accurately defined
description of the required tasks and timetablewalf as insufficient financial support,
remains the main obstruction to raising researdo ichanges in biodiversity to a
qualitatively higher level in the Czech Republic.
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Appendix 1. A comparison of existing monitoring prgrammes
Ontario’s us
Lo Alberta Streamlining . Bird Niagara q Hungarian
Monitoring B’\lllc:)(i:;;g:isr:ty Biodiversity Bio dibjg'sit European 2010 The,\/l’:ﬁﬂgﬁﬁl ool Monitoring Biﬁtmclﬁrtzl;zes Escarpment Er;\\lllgzﬂg:ﬁ]ntal Biodiversity
criteria ¥ St erlar?d Monitoring i) Pla% Biodiversity Ees S ?UK) Programme sfies CESCg)N Monitoring Assessmegnt Monitoring
Program Indicators 9 JPSP CSO Program (ONE) - P System
rogram (EMAP)
Canada
New data New data New data
Data collection and New data New data collection — New data New data New data collection and New data New data
evaluation of collection collection collection collection collection |evaluation of older| collection collection
planned for future
older data data
Agroecosystems,
. . Terrestrial, Terrestrial, Great lakes, arid .
Monitoring T?:;i?\;&zlt;nd Ti::iﬁ;\'lilt:rnd freshwater and| freshwater and Terrestrial Terrestrial Terrestrial Terrestrial ecosystems, Ti;;i?;\'lzltsrnd
focus ecosystems | ecosystems marine marine ecosystems ecosystems | ecosystems ecosystems forest, terrestrial ecosystems
4 4 ecosystems ecosystems and freshwater 4
ecosystems
m?)i%lr?: i Broad-spectrum
higher an% Mammals Butterflies, focus — depending Small mammals
g . ! Birds, dragonflies, birds, on the particular . o
lower plants, | birds, fungi, ; N . bats, reptiles, fish,
; butterflies, fish, large T project -
molluscs, lichens, trees N . The biodiversity of] butterflies,
Focus of ) plants, fish | carnivores, large
butterflies, zooplankton, . . forest ecosystems ) . orthoptera,
data N herbivores, bats, bats birds bats . Fish, birds, .
. birds, phytoplankton, B L in general, e epigea,
gelecien orthoptera fish, benthic Detailed amphibians, birds, lichens amphibians, macrofungi, alien
ptera. al a'e macro- monitoring of plants, ! algae, lant s geéies
Other groups —| in?/erfebrates priority species cetaceans, zooplankton, me?crozog Iankfon
group pinnipeds phytoplankton, P
only numbers
] etc.
of species
Regular Regular
. network of network of Random
cl?ae;lgn i monitoring monitoring Rzg?ggzvznd Rzr:ligg}vaénd detection, others Selective Selective Rzr:ligg}vaénd Random Selective
el lsitem sites —once | sites —once monitorin monitorin — selective monitoring monitoring monitorin monitoring monitoring
per 5 year per 5 year 9 9 monitoring 9
data collection |data collection
Standardiz
ed data Yes Yes Yes Yes Yes Yes Yes Yes Yes
collection
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fggm‘fy High High High High High High High Partially high Unknown High
Investigat- Mainl
ing or Both Both aunly Both Mainly monitoring Both Both Both Both Monitoring
monitoring monitoring
Long-term Long-term Long-term Long-term
f;grg;%rt'gg Egrg;osrtlﬂg Long-term Long-term Long-term Long-term Long-term monitoring. monitoring, Long-term
Time scale sites Y sites Y monitoring monitoring monitoring. monitoring. monitoring. Partly annual frequency mon?toring
monitored monitored Annual control | Annual control |Annual control. onccc;ntrg:,spare;(zs gsizi?::n?oqgct
each year each year p y | P proj
Switzerland — Czech Czech
Spatial the whole Alberta_- whole| UK - thg whole EU (4,324,782 UK. - the whole Republic - the | Republic - the | 5 study sites of 1 6% of state Hungary -_the
h province territory 2 territory (244,820 R B . whole territory
scale territory (661,848 km?) | (244,820 km?) km®) km?) whole territory [ whole territory ha area territory (93,000 km?)
(41,000 km?) ' ! (79,000 km?) | (79,000 km?) '
Public
g}%‘:ﬁf}’;g Yes Yes Yes Unknown Yes No No Yes Yes Unknown
data
Publica-
tion of Yes Yes Yes Planned in future Yes Yes Irregularly Annual report Yes Yes
results
Use of GIS
?::1 GG Yes Yes Yes Yes No No No Minimally Yes Yes
sensing
z;rpr?:; :enst Yes Yes Yes Planned in future Yes Yes Ne Yes Yes Yes
Federal and
o'f/ee?:r;?ént provincial Ministry of European or ;?lz:rt]itgr?r(Bat EU, grants, Grants, Ministry of Federal
Financing 93 000.000 government | Environment, Commﬁssion gconservation volunteer volunteer Environment of |government, state| Government
e 1,600,000,- DEFRA organizations | organizations |province ofOntario] government
CHF/year trust)
CAD/rok
Evaluation
gifodiver- Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
sity
cl\’llfobri\gsnng Yes Yes Yes Yes No Yes No Yes Yes No
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Monitoring
of Yes Ne Yes Yes No No No No No Yes
butterflies

Monitoring
of
mammals

Only number

. Yes Yes Yes, some Yes No Yes No No Yes
of species

Monitoring

Yes Yes Yes Yes No No No Yes Yes Yes
of plants

Monitoring
of others
species
groups

Orthoptera,
lower plants, Yes Yes
molluscs

Dragonflies, fish,

amphibians No No No Yes, lichens Amphibians Yes

Monitoring
of
ecosystem
diversity,
fragmen-
tation etc.

Yes Yes Yes Yes No No No No Yes Yes

Monitoring
of genetic Yes No Yes Yes No No No No No Unknown
diversity

Monitoring
of climate
change
impact

No Indirectly Yes Yes No No No No Yes Unknown

Monitoring
of
eutrophic- Yes Yes Yes Yes No No No Indirectly Yes Yes
ation
impact

Monitoring
of invasive
species
impact

Yes Indirectly Yes Yes No No No Indirectly Yes Yes

Monitoring
of
socioecon
lomic ties

Yes No Yes Yes Yes No No No No No
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