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Abstract: Important sources of information in the field of nature protection are red lists, which define
the degree of threat to individual species. In practice, an assessment of the quality of the habitats
in which a species occurs is used to a very limited extent in the preparation of red lists of vascular
plants. At the same time, this parameter is usually essential to determine their degree of threat.
At present, habitat quality data are available for the territory of the Czech Republic; these were
obtained during Natura 2000 habitat mapping in the years 2000–2019. In this paper we propose the
use of habitat quality data to determine the degree of threat to selected species of vascular plants
and to compile a national red list. Nine plant species from three habitat types were selected for this
study: meadows and wetland habitats in the alluvium of large rivers (Cardamine matthioli Moretti,
Gratiola officinalis L., Teucrium scordium L.), fen habitats (Carex appropinquata Schumach., C. cespitosa L.,
C. lepidocarpa Tausch) and ecotone shrub habitats (Rosa agrestis Savi, R. micrantha Borrer ex Sm., R.
spinosissima L.). For these species, the quality of the habitats in which they occur was analysed and
grid maps were created, which present (1) the level of knowledge of habitat quality and (2) the
average habitat quality. The results were compared with the degree of threat in the current national
red list. Habitat quality analysis should also be used in the future to detect threatened species, which
today are outside the red list and this assessment may be useful in compiling another updated red
list of vascular plants of the Czech Republic.

Keywords: natural habitats; nature conservation; IUCN Red List of Ecosystems; threatened habitats
and plant species

1. Introduction

Red lists, which categorise species of living organisms or habitats according to their
urgency of threat, are indispensable sources of information in nature conservation. For
some groups of organisms, such as birds and mammals [1] or vascular plants, red lists have
been being drawn up for a long time, in contrast to other, lesser known and lesser-explored
groups. Red lists of vascular plants at different geographical levels (regional, national,
continental) have been available for many years. Criteria for assessing the degree of threat
are being developed and the lists are more or less regularly updated. Red lists of habitats,
on the other hand, are relatively ‘young’ documents. Their creation has been stimulated by
the ecosystem approach of nature protection and the necessity of management at the level
of landscape units [2].

The International Union for Conservation of Nature (IUCN) has established basic
principles for the assessment of the risk of extinction of species according to standardised
criteria for the creation of red lists, and also determines the possible applications of these
criteria in the assessment of natural habitats (Red List Categories and Criteria [3–5]. At
the same time, it draws attention to the advantages and possible pitfalls of the evaluation
process at a regional level. However, the evaluation process at global and regional levels
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can be considered stable at present [6–8] and a number of Central European countries use
it to compile their red lists [9–16].

In the 1980s, the so-called Central European threat classification [17] was created using
the original threat categories established by the IUCN in 1994 [18], which was also used for
the first red list of vascular plants of the Czech Republic [19]. Its division into eight threat
categories was also followed by the subsequent updated red list [20]. The 3rd version of the
national red list based on the same classification was published twelve years later [21] and
was subsequently supplemented with IUCN categories [22]. The classification of vascular
plant taxa into degrees of threat in all these mentioned red lists is just based on empirical
evaluation, only in the latest one [22] grid maps of historical and current distribution were
used and compared with some data contained in the NDOP (Species Occurrence Database)
and PLADIAS (Database of the Czech Flora and Vegetation). The result of this method is
directly proportional to the floristic knowledge of the editor and some regional experts.
However, it can still be inaccurate or even erroneous at the regional level. On the other
hand, it should be mentioned that a first attempt to standardise the classification was
already published by Čeřovský [23], who proposed a theoretical model for a so-called
‘socioecological index’, which was ultimately not used.

However, there is still a lack of sufficient knowledge of the possibilities of using habitat
data to determine the degree of threat to plant species. The indication of endangerment of
plant species according to habitat quality is solved less often or not at all [24]. The reason
may be the limited possibility of obtaining adequate data on habitat quality, which can
usually be acquired only in a limited space, respectivley at particular localities where plant
species important for nature conservation occur, e.g., in part of northern Bohemia [25].
Krahulec [26] attempted the first simplified comparison of threatened species and com-
munities in the Czech Republic, using an overview of plant communities in the Czech
Republic and their threats, previously published by Moravec et al. [27] as one of the first in
the world. The lack of new and easily accessible data on species and habitats, which may
be a limitation for a comprehensive classification of threatened species, was mentioned by
Blasi et al. [28]. Articles dealing with this topic appear rarely.

At present, a large amount of floristic data are available, which are contained both in
national electronic databases [29,30] and in herbarium collections or other sources, which
can be used for compiling red lists. However, habitat data [31] are also available for the
whole territory of the Czech Republic, therefore it is appropriate to try to analyse these
data sets and find out whether it would be useful in the determination of the degree of
threat to vascular plant species and thus the compilation of the next, updated Red List.

Part of the Natura 2000 network is an ambitious project of mapping habitats in the
Czech Republic. This project started in the year 2000 with the aim of obtaining the most
comprehensive overview of the vegetation cover in the Czech Republic, especially of
the occurrence of natural habitats [32]. These data have become a professional basis
for the definition of Sites of Community Importance of the Natura 2000 system in the
Czech Republic of the so-called Habitat Directive (Council Directive 92/43EEC on the
conservation of natural habitats and wild fauna and flora). The result is a ‘habitat mapping
layer’ (HML), which provides comprehensive information on the occurrence and status
of natural (and partly unnatural) habitats in the Czech Republic (see [33] for details) and
is the fundamental database for evaluating their quality. The basic habitat mapping was
followed in 2006 by a ‘habitat mapping update’, which aims to bring an up-to-date picture
of habitats in the Czech Republic in cycles of about twelve-years. The Natura 2000 mapping
has provided basic information on the quality of habitats in our territory [33,34] and the
Red List of Habitats of the Czech Republic [35] was based on data from the mapping project.
These data were used also to present the original Czech method of forest habitats monetary
valuation within the European context [36].

The comprehensive mapping of habitats in the Czech Republic is a unique project at
least on a European scale. Nowotny and Hinterstoisser [37], Nowotny [38] and Keusch
et al. [39] deal with similar mapping, but to a limited extent, on the territory of the Austrian
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federal state of Salzburg. Assessment of the quality of habitats on a wider landscape scale
(not only in legally protected parts, but also in other landscapes) is rather unique. Similar
studies are known from Germany [40] and the USA [41]. Other studies only focus on small
groups of habitats or on selected habitats, mainly concentrated on plant species diversity.
Godefroid and Koedam [42] deal with the species composition and quality of suburban
forest habitats near Brussels. Cousin and Ihse [43] present a method of assessing the
agricultural landscape in Sweden, based on criteria such as degree of conservation of the
natural habitat, stage of succession, physiognomy of the stand and its species composition.
A system of criteria was designed for the National Red Book of Habitats of the Netherlands
to describe the state of habitats and provide data for nature conservation [44].

The ‘Catalogues of Habitats’ of European countries (created mainly for Natura 2000)
deal with the relationship of vascular plant species to a given habitat [32,45,46]. In addition
to the description of the structure, ecology and distribution of the habitats, plant species are
also associated with the habitats. Some other studies look into habitat changes in relation
to threatened plant species [47].

Sádlo et al. [48] published basic data obtained from a newly created database contain-
ing ‘species pools’ of vascular plants for habitats in the Czech Republic, i.e., lists of species
which are potentially able to grow in the habitat. Indices of ecological specialisation (ESI)
for species of the Czech flora, which can be used for classification of their degree of threat,
are newly published by Zelený and Chytrý [49].

A basic premise of this study is that the current red list of vascular plants in the Czech
Republic [22] is not a completely adequate reflection of their actual threat and requires
a partial reclassification. However, this is also based on the assumption that the list’s
validity is time limited. The aims of the study were: (1) verify the possibility of using data
on habitat quality from the Natura 2000 mapping project to classify the degree of threat
to selected (pilot) species in the Czech Republic; (2) verify whether the data on habitats
contained in the habitat mapping layer [50] can be used to specify the relationship of a
particular species to habitat, population dynamics and subsequently degree of threat; (3)
verify whether it is possible to define functional groups of plant taxa according to their
level of threat.

As interesting habitat types, with the occurrence of threatened species, the following
were selected:

(1) Aluvia of large rivers tend to be centres of biodiversity and their species richness
often exceeds the surrounding higher habitats [51,52]. The undeniable importance of
the floodplain ecosystem is officially confirmed by the Ramsar Convention on Wet-
lands [53] and some floodplain habitats have also been included among the priority
habitats within the Natura 2000 system [32]. The floodplain has a high degree of habi-
tat diversity as well as natural and anthropogenic disturbances. They are associated
with a very dynamic course of subsequent succession [54,55]. These areas have long
been under strong anthropogenic pressure, mainly due to agricultural use and the sup-
ply of nutrients through floods. Floodplain habitats are also invaded by non-native
species, which significantly affect their species composition and structure [56].

(2) Fen habitats at lower and middle altitudes. These are usually small-scale habitats that
are rare in the landscape. Degradation of these habitats is mainly caused by drainage,
succession, afforestation, eutrophication and abandonment of traditional farming [32].
Fen habitats are very sensitive to changes in hydrogeological conditions, especially
those caused by humans [35]. They are refuges of many threatened plant species
that are rare and very sensitive to changes in water regime, nutrient concentrations
or management [57,58]. These species are usually not competitive and disappear
rapidly with increased nutrient intake due to competitively stronger species [59]. This
easily leads to a change in different types of meadow vegetation and subsequently to
overgrowth by the forest.
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(3) Ecotone shrub habitats. These are habitats that usually form a vegetation mosaic
with dry lawns. In these habitats, the so-called ecotonal effect is manifested—fringe
communities tend to be species-richer than related communities [60,61]. Degradation
is mainly caused by overgrowth and eutrophication. However, the occurrence of
overgrowth trees in dry grasslands cannot be considered exclusively undesirable.
Habitat heterogeneity increases with reasonable shading and mosaicity and preserva-
tion of mowing, grazing and occasional partial pruning [60,62,63], but overgrowth
of the shrub layer may have a negative effect on species richness [63]. The influence
of management is also significant; mowed or grazed stands have greater species
richness [64–67].

2. Material and Methods

The basic data source for the quality of habitats in the Czech Republic is the habitat
mapping layer (HML) [50], in which segments (polygons) are its basic unit. During the
data collection directly in the field, both floristic data and data on the quality and structure
of the given habitat are acquired for each segment. The following attributes are assessed
by habitat mapping: (a) Representativeness of the habitat, (b) spatial and age structure of
the tree and shrub layer (only for scrub and forests), (c) quantity of deadwood (only for
forests), (d) degree of habitat degradation, (e) significance of the habitat on a regional scale
(occurrence of threatened and phytogeographically interesting plant species), (f) habitat
structure and functions. For more details on the assessed attributes and habitat mapping
methodology, see Lustyk [68,69].

The direct relationship of vascular plants to a particular segment (habitat) allows us
to work with the acquired data and find out the state (quality) of the habitats where the
given plant species grows. This information was used to determine the degree of threat
to the selected taxa or their (functional) groups. These data were concentrated for each
selected taxon and each habitat in which they occur: locality, geographical coordinates
(in WGS 84), grid mapping quadrant [70], author of the record, year of find, habitat type,
habitat degradation, habitat structure and functions (Habitat degradation and its structure
and functions are the parameters on the basis of which habitat quality is determined [71]),
polygon ID, habitat quality (see Table 1).

Table 1. Example of source data (sample) of Carex lepidocarpa for assessment of habitat quality. Darker colours indicate
lower values of quality. FV = favourable, U1 = unfavourable—inadequate, U2 = unfavourable—bad but stable.

Village,
Locality GPS_X GPS_Y Quadrant Polygon

ID
Habitat

Type

Habitat
Degrada-

tion

Habitat
Structure

and
Functions

Habitat
Quality

Kostelecké
Horky, Na

Kadeřávkách
50.058944 16.189667 5963a

outside the
mapped

area
– – – unknown

Třeboc,
Kočičí díra 50.221389 13.773611 5748d

outside the
mapped

area
– – – unknown

Malíkovice,
Červený

creek
50.211791 13.95156 5749d

outside the
mapped

area
– – – unknown

Vašírov,
Tuchlovický

creek
50.137297 13.954587 5849d

outside the
mapped

area
– – – unknown

Předonín 50.438889 14.338333 5552c
outside the

mapped
area

– – – unknown
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Table 1. Cont.

Village,
Locality GPS_X GPS_Y Quadrant Polygon

ID
Habitat

Type

Habitat
Degrada-

tion

Habitat
Structure

and
Functions

Habitat
Quality

Lysá nad
Labem,

Mlynařice
50.200859 14.814483 5754d

outside the
mapped

area
– – – unknown

Mravín,
Men-

tourský
creek

49.938139 16.041528 6062c
outside the

mapped
area

– – – unknown

Dražejov,
Vrabcov
valley

50.520564 14.533362 5453c
outside the

mapped
area

– – – unknown

Hutisko,
Díly 49.42172 18.18534 6575c 14780208 R2.1 0 FV 1

Karlov pod
Pradědem,

Praděd,
Malá

kotlina

50.039389 17.209556 5969c 7820732 R2.2 0 FV 1

Mcely,
Čtvrtě 50.299941 15.068962 5758a 29830106 M1.1 1 FV 1

Opatov,
Pod

Farským
49.827639 16.488639 6164d 23280308 R2.1 1 FV 1

Vidnava,
Vidnavské
mokřiny

50.38581 17.20135 5669a 29110100 R2.2 1 FV 1

Staré
Splavy,

Jestřebské
slatiny

50.6025 14.621944 5353d 3490609 R2.1 2 FV 2

Rašovice,
fishpond 50.155564 16.127456 5862b 27580012 M1.1 2 U1 2

Hřibiny,
Střezm 50.146194 16.164722 5862d 27430272 T1.9 1 U1 2

Provodín,
sand pit 50.619247 14.598344 5353d 3491082 R2.3 2 U1 2

Bílá,
Smutné
valley

49.414545 18.45132 6576d 14770262 R2.1 1 U1 2

Kněžičky,
Dlouhopol-

sko
50.168211 15.317271 5857b 28140088 R2.1 2 U2 3

Semanín,
Se-

manínská
střelnice

49.8575 16.455278 6164b 23050322 T1.5 3 U1 3

Lysá nad
Labem,

Hra-
banovská
černava

50.218485 14.839084 5755c 8630037 T1.5 3 U2 4
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Table 1. Cont.

Village,
Locality GPS_X GPS_Y Quadrant Polygon

ID
Habitat

Type

Habitat
Degrada-

tion

Habitat
Structure

and
Functions

Habitat
Quality

Bílichov,
Smradovna 50.262293 13.88649 5749a 30910039 R2.1 3 U2 4

Chudíř,
Dubnický
fishpond

50.300981 15.008088 5656c 1730106 T1.9 3 U2 4

Data were collected, modified, supplemented and reduced (multiple and unusable
data, i.e., insufficiently accurate). Species databases have been created. These were sup-
plemented by targeted field research. Its aim was to verify some occurrences of selected
species and to supplement data on habitats where it was not available in the foundation
database of habitats also [22]. The data were divided into time intervals. Only subrecent
and recent data were used for further processing, i.e., approximately from 1980 to the
present. In exceptional cases, even older data (between 1970 and 1980), but only if their
location was unambiguous and accurate.

Data on the occurrence of plant species from the Natura 2000 habitat mapping project
can be identified with specific habitats and determine their quality. We used two pieces of
basic information on habitat parameters to determine the habitat quality: habitat degrada-
tion and habitat structure and functions [71].

Data on the occurrence of plant species from sources other than habitat mapping were
assigned to specific habitats via coordinates (HML). In some cases, however, this was not
possible because occurrences were either located in the non-mapped area (in the HML
there is no information on the occurrence of habitats at the given site) or in an area with
more than one habitat, so that an unambiguous assignment was not possible. Habitat data
are missing for these occurrences, so they were assigned a quality value of 0 (= unknown).

Based on the collected data, two types of maps were created for each selected plant
species: (1) map of the level of knowledge of its habitat quality; (2) map of its habitat quality.
The database of plant species records was converted to a spatial geodatabase and projected
into the S-JTSK Krovak East North coordinate system. All collected attributes were unified.
Spatial data were further spatially overlayed with a predefined grid of 10 × 10 km squares
covering the entire area of the Czech Republic. Maps of the level of knowledge of the
habitat quality and maps of the habitat quality were generated using a proper set of marks
based on multiple characters.

Using the Pearson’s Chi-squared test, the homogeneity of the frequency of occurrence
of selected species in habitats of different quality (p < 0.01) was tested. Differences in
incidence between species were determined using the post-hoc Pearson’s Chi-squared test
and divided into groups (listed in Table 2, column Group).

Data Sources

The basic sources for obtaining floristic data were NDOP (Species Occurrence Database,
2019), Database of the Czech flora and vegetation [30], selected herbarium collections in the
Czech Republic—PR, PRC, BRNM, BRNU, MP, HR—according to Thiers [72]). In addition,
selected literary sources were used for supplementation [73–75]. Data on selected species
from 1980 to the present (in exceptional cases also data from the period 1970–1980) have
been collected. The source of data on habitats and their quality is the Habitat Occurrence
Database [31], which contains data on habitats from the projects Habitat and Landscape
Mapping of the Czech Republic (2000–2004) and Habitat Mapping Update (2006–present).
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Table 2. Frequency of occurrence of the selected species in habitats of different quality.

Species/Most
Frequent

Habitat [32]

Total
Number of

Occurrences

Quality
Group

Current
Red List

[22]Unknown 1 2 3 4

Carex
appropinquata 786 215 148 304 45 74 a C3/NT

– M1.7, T1.5,
R2.2, T1.6

T1.5, L2.2,
M1.7, T1.6

T1.5, M1.7,
T1.9, L2.2

M1.7, T1.5,
L2.2, X7

Rosa agrestis 391 171 37 94 25 64 a C4b/DD

– K3, T3.3,
T3.4

K3, T3.4,
T3.3, T5.5 K3, L7.1 K3, X9

Rosa
spinosissima 252 43 93 89 4 23 a C2b/VU

– K4C, T3.3,
K3, T4.1

T3.4, T3.3,
K3, T3.5 T3.4 T3.4, X9, K3

Carex
lepidocarpa 128 41 24 41 10 12 a C2t/EN

– R2.2, R2.1,
T1.9, L1

R2.1, T1.9,
R1.1, R2.2 T1.9, R2.1 R2.1, T1.5,

T1.9

Teucrium
scordium 120 53 21 25 6 15 a C2b/EN

– M1.1, M1.7,
T1.9 M1.7, M1.1 M1.1 X7, M1.7,

T1.7

Cardamine
matthioli 206 61 14 54 12 65 c C4a/NT

– T1.7, T1.4 T1.7, T1.4,
M1.7, T1.1 T1.7, M1.7 T1.7, X7,

M1.7

Gratiola
officinalis 134 41 8 26 10 49 c C2t/EN

– T1.7, M1.7 T1.7, M1.7,
T1.9 T1.7, M1.7 T1.7, M1.7,

X7

Rosa
micrantha 49 13 12 20 0 4 ab C3/VU

– K3, T3.3 K3, L3.1 – K3

Carex
cespitosa 1145 268 108 506 81 182 bc C4a/NT

– T1.5, M1.7,
L2.2, T1.6

T1.5, T1.6,
M1.7, L2.2

T1.5, T1.6,
M1.7, L2.2

T1.5, M1.7,
T1.6, X7

Habitats: K3—Tall mesic and xeric scrub; K4 (40A0)—Low xeric scrub; L1—Alder carrs; L2.2 (91E0)—Ash-alder alluvial forests; L3.1 (9170)—
Hercynian oak-hornbeam forests; L7.1—Dry acidophilous oak forests; M1.1—Reed beds of eutrophic still waters; M1.7—Tall-sedge beds;
R2.1 (7230)—Calcareous fens; R2.2 (7140)—Acidic moss-rich fens; T1.1 (6510)—Mesic Arrhenatherum meadows; T1.4—Alluvial Alopecurus
meadows; T1.5—Wet Cirsium meadows; T1.6 (6430)—Wet Filipendula grasslands; T1.7 (6440)—Continental inundated meadows; T1.9
(6410)—Intermittently wet Molinia meadows; T3.3A (6240)—Sub-Pannonian stepic grasslands; T3.4 (6210)—Broad-leaved dry grasslands;
T3.5 (6210)—Acidophilous dry grasslands; T4.1—Dry herbaceous fringes; T5.5—Acidophilous grasslands on shallow soils; X7—Herbaceous
ruderal vegetation; X9—Forest plantations of allochtonous trees.

The floristic data on the selected species are of two types:

(1) Floristic data from habitat mapping projects. Data on the occurrence of individual
species can thus be precisely linked to the occurrence of specific habitats,

(2) Data on the occurrence of plant species from other sufficiently accurate sources
(databases [29–31], herbarium collections, literature) to determine a specific habitat in
the HML.
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Selected Species, Their Numbers of Occurrences and Relation to Habitats

A total of nine species were selected for evaluation (Cardamine matthioli, Carex appropin-
quata, C. cespitosa, C. lepidocarpa, Gratiola officinalis, Rosa agrestis, R. micrantha, R. spinosissima
and Teucrium scordium). The main criterion for the selection of these species was their rela-
tion to the same or similar habitats. Three habitat categories were selected: (1) meadows
and wetland habitats in the alluvium of large rivers, (2) fen habitats at lower and middle
altitudes, (3) ecotone shrub habitats and habitats with potentially high succession rates.

In the selection of taxa, different levels of threat were assessed [22]. The nomenclature
of the vascular plants follows Kaplan et al. [76].

(1) Group of plant species with their centre of occurrence in meadows and wetland
habitats in alluvia of large rivers (Cardamine matthioli, Gratiola officinalis and Teucrium
scordium). These areas have long been under strong anthropogenic pressure, mainly
due to agricultural use and the supply of nutrients through floods.

• Cardamine matthioli (ca. 200 occurrences) has its centre of occurrence in the
habitat of continental inundated meadows [32]. The species is also present in
reed beds of eutrophic still waters, tall-sedge beds, alluvial Alopecurus meadows
and hardwood forests of lowland rivers [31]. Of the three species, it is the most
tolerant of meadow management (mowing and light fertilisation). However, the
species declines due to intensified farming.

• Gratiola officinalis (ca. 130 occurrences) occurs predominantly in continental
inundated meadows [32]. It is also present in reed beds of eutrophic still waters,
tall-sedge beds and vegetation of exposed fishpond bottoms [31]. The species is
sensitive to changes in water regime. Many occurrences have disappeared due
to extensive river regulations and drainage of floodplain meadows.

• Teucrium scordium (ca. 120 occurrences) occurs in halophilous reed and sedge
beds, tall-sedge beds and continental flooded meadows [32]. It is also present in,
e.g., reed beds of eutrophic still waters, vegetation of exposed bottoms in warm
areas and willow-poplar forests of lowland rivers [31].

(2) Group of sedges with their centre of occurrence in fen habitats at lower and middle
altitudes. These species are differently sensitive to habitat disturbance, especially
to changes in water regime and eutrophication (Carex appropinquata, C. cespitosa,
C. lepidocarpa).

• Carex appropinquata (ca. 790 occurrences) occurs most often in tall-sedge beds,
acidic moss-rich fens and alder carrs [32]. The species may be also present in,
e.g., the habitats of reed beds of eutrophic still waters, wet Cirsium meadows, wet
Filipendula grasslands, intermittently wet Molinia meadows, ash-alder alluvial
forests and waterlogged spruce forests [31].

• Carex cespitosa (ca. 1150 occurrences) occurs in the Czech Republic in tall-sedge
beds and wet Cirsium meadows [32]. The species is also present in the habitats
of acidic moss-rich fens, wet Filipendula grasslands, intermittently wet Molinia
meadows, alder carrs and ash-alder alluvial forests [31]. It also occurs on un-
maintained meadows, where it can form connected stands of large (up to 1.5 m
high) tussocks which may block further succession. It is the most abundant of
the three sedges and the most tolerant of habitat changes.

• Carex lepidocarpa (ca. 130 occurrences) occurs mainly in springs (habitats of
meadow springs with tufa formation and meadow springs without tufa forma-
tion), marginally in calcareous fens with Cladium mariscus [32]. In the Czech
Republic it also grows in acidic moss-rich fens, wet Cirsium meadows and inter-
mittently wet Molinia meadows [31]. It is the most sensitive to changes in the
environment and therefore also the rarest of the selected Carex species.
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(3) Group of chamaephytes (Rosa agrestis, R. micrantha and R. spinosissima) with frequent
occurrence in the ecotone shrub habitats and habitats with potentially high succession
rates (e.g., dry grasslands), where in addition, due to their growth in the absence of
appropriate management, degradation of these habitats can occur. The rarest of them
in the Czech Republic is Rosa micrantha, Rosa spinosissima is more abundant, and the
most common is R. agrestis. Data based on the herbarium specimens of larger herbaria
of the Czech Republic (BRNM, BRNU, PR, PRC) have been revised by P. Maděra
(Mendel Univ. in Brno).

• Rosa agrestis (ca. 390 occurrences) occurs predominantly in tall mesic and xeric
scrub [32], but often also in various herbaceous habitats (e.g., rock-outcrop veg-
etation with Festuca pallens, narrow-leaved dry grasslands, broad-leaved dry
grasslands, acidophilous dry grasslands, mesic herbaceous fringes, acidophilous
grasslands on shallow soils) or in open forests: central European basiphilous ther-
mophilous oak forests, acidophilous thermophilous oak forests, dry acidophilous
oak forests and forest-steppe pine forests [31].

• Rosa micrantha (ca. 50 occurrences) has its centre of occurrence in the habitat
of tall mesic and xeric scrub [32]. The species is also present in herbaceous
habitats such as narrow-leaved dry grasslands, broad-leaved dry grasslands,
acidophilous dry grasslands, mesic herbaceous fringes, edges of ravine forests
and acidophilous thermophilous oak forests [31].

Rosa spinosissima (ca. 250 occurrences) occurs predominantly in low xeric scrub [32].
Furthermore, it occurs at a lower frequency in a whole range of mainly grassland habi-
tats: Sesleria grasslands, narrow-leaved dry grasslands, broad-leaved dry grasslands, aci-
dophilous dry grasslands, dry herbaceous fringes, dry lowland and colline heaths [31].

3. Results

Based on the determined habitat quality for individual occurrences of the selected
plant species, grid maps were created, which present (1) the level of knowledge of habitat
quality, (2) the average habitat quality (Figures 1–3). The percentages of occurrences of
selected species in the quality categories is shown in the graph (Figure 4).

3.1. Map of the Level of Knowledge of Habitat Quality

These maps show (in the 10 × 10 km map grid) the ratio between the number of
occurrences of plant species for which the habitat quality can be determined and the
number of occurrences for which it cannot be determined. It is obvious that, especially
in species with a large number of occurrences, such as Carex cespitosa, there are still a
large number of occurrences for which we have no data on the habitat quality (the species
occurrence outside the habitat is indicated by empty circle in the map). For rarer species,
on the other hand, the knowledge of habitat quality is relatively favourable.

3.2. Map of Habitat Quality

These maps show the average quality of the habitat in which the plant species occurs
in the map grid (10 × 10 km) divided into quadrants 5 × 5 km. The map does not show
occurrences for which the habitat quality is unknown. The predominance of habitat of
poor quality is evident, for example, in Gratiola officinalis, while the habitat quality for roses
(Rosa agrestis, R. micrantha, R. spinosissima) is relatively high.
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Figure 1. Maps (A,C,E): number of occurrences (dot size) and knowledge level of habitat quality (brownish colour); empty
circle (0 %) = occurrence of the species outside the habitat. Maps (B,D,F): habitat quality (1–4); the darker the green colour,
the lower the values of quality are. Grid of 10 × 10 km.

Using the Chi-squared test (significance level p < 0.01), the homogeneity of the fre-
quency of occurrence of the selected species in habitats with different degrees of quality
was tested. Differences between particular species were determined and sorted according
to the test results (Table 2, column Group) in order to define the so-called ‘functional
groups of species’ with a similar habitat quality distribution. Subsequently, the current
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classification of the selected plant species into categories of threat in the red list [22] was
compared with the distribution of the quality of their habitats.
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Figure 2. Maps (A,C,E): number of occurrences (dot size) and knowledge level of habitat quality (brownish colour); empty
circle (0 %) = occurrence of the species outside the habitat. Maps (B,D,F): habitat quality (1–4); the darker the green colour,
the lower the values of quality are. Grid of 10 × 10 km.

The species Carex appropinquata, Rosa agrestis, R. spinosissima, Carex lepidocarpa and
Teucrium scordium, and further Cardamine matthioli and Gratiola officinalis have a similar
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distribution of habitat quality levels. The species Rosa micrantha and Carex cespitosa have a
dissimilar quality distribution. In assessing the degree of threat to individual plant species,
in addition to the distribution of their habitats’ quality, the total number of occurrences
must also be taken into account.
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Figure 3. Maps (A,C,E): number of occurrences (dot size) and knowledge level of habitat quality (brownish colour); empty
circle (0%) = occurrence of the species outside the habitat. Maps (B,D,F): habitat quality (1–4); the darker the green colour,
the lower the values of quality are. Grid of 10 × 10 km.
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Carex appropinquata, although having a habitat quality distribution similar to e.g.,
Carex lepidocarpa, has about six times as many occurrences. Therefore, the threat level of
this species [22] corresponds to degree C3/NT and also to the test results.

For Rosa agrestis, almost half of all known occurrences are in habitats of unknown
quality and the proportion of occurrences in habitats of low quality is also significant
(22%). The actual level of threat to the species is likely to be higher than reported by
Grulich [22], but the addition of more accurate data on the habitats in which the species
occurs is necessary for such a decision.

Forests 2021, 12, x FOR PEER REVIEW 12 of 19 
 

 

 

Figure 4. Percentages of habitats’ quality with species occurrences. 

3.1. Map of the Level of Knowledge of Habitat Quality 

These maps show (in the 10 × 10 km map grid) the ratio between the number of oc-

currences of plant species for which the habitat quality can be determined and the number 

of occurrences for which it cannot be determined. It is obvious that, especially in species 

with a large number of occurrences, such as Carex cespitosa, there are still a large number 

of occurrences for which we have no data on the habitat quality (the species occurrence 

outside the habitat is indicated by empty circle in the map). For rarer species, on the other 

hand, the knowledge of habitat quality is relatively favourable. 

3.2. Map of Habitat Quality 

These maps show the average quality of the habitat in which the plant species occurs 

in the map grid (10 × 10 km) divided into quadrants 5 × 5 km. The map does not show 

occurrences for which the habitat quality is unknown. The predominance of habitat of 

poor quality is evident, for example, in Gratiola officinalis, while the habitat quality for 

roses (Rosa agrestis, R. micrantha, R. spinosissima) is relatively high. 

Using the Chi-squared test (significance level p < 0.01), the homogeneity of the fre-

quency of occurrence of the selected species in habitats with different degrees of quality 

was tested. Differences between particular species were determined and sorted according 

to the test results (Table 2, column Group) in order to define the so-called ‘functional 

groups of species’ with a similar habitat quality distribution. Subsequently, the current 

classification of the selected plant species into categories of threat in the red list [22] was 

compared with the distribution of the quality of their habitats. 
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In Rosa spinosissima, the fact that it occurs very often in protected areas is reflected
in the distribution of its habitat quality. This is also why the number of occurrences in
habitats of unknown quality is very low (17%) and at the same time the percentage of
occurrences in habitats of higher quality is high (72%). The level of threat [22] corresponds
to the current situation and also to the test results.

Carex lepidocarpa and Teucrium scordium have a relatively high proportion of occur-
rences in habitats of higher quality (51% and 46%). However, they also have a rather high
proportion of habitats of unknown quality (41% and 53%). For specification of their degree
of threat, it is therefore necessary to supplement more accurate data on their habitats;
however, the current level C2/EN [22] corresponds to reality and also to the test results.

About a third of all occurrences of Gratiola officinalis are in habitats of the lowest quality.
There is also a high proportion of occurrences for which we do not know the habitat quality.
Classification in category C2/EN corresponds to the present degree of threat to the species
and also to the test results.

For Rosa micrantha, according to available sources, the total number of known sites is
relatively low. In addition, it is a species occurring in ecotonal communities (tall mesic and
xeric scrub) and its protection lies in the conservation of vegetation mosaics. Its current
degree of threat is probably higher than stated by Grulich [22].
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The species Carex cespitosa and Cardamine matthioli are currently included in the red list
in the C4a/NT category [22] but differ fundamentally in the total number of occurrences.
Other differences are their biology and relationship to habitats. Carex cespitosa is a species
which can survive in wet meadows without any management for a long time and even
expand in these habitats. The quality of its habitat indicates its degree of threat to just a
certain extent. On the contrary, Cardamine matthioli occurs in mowed floodplain meadows
and recedes in the absence of management. In addition, a high proportion of occurrences
in habitats of the lowest quality could indicate its current underestimated classification in
the C4a/NT category.

4. Discussion

One of the basic evaluation parameters for the creation of a red list of plant species
should be the quality of the habitat in which plant species occur.

However, this aspect is currently neglected and the current categorisation of degree
of threat to vascular plant species is primarily based on criteria concerning number of
localities and population size. Only in the case of IUCN criterion B2 (area of occupancy)
subcriterion B2b (continuing decline in area, extent and quality of habitat, [77]) is defined.
This subcriterion combines both the decrease in habitat area and its quality, which may
not always be directly related. In addition, the use of this subcriterion is only based on
empirical assessment. In the red list of vascular plants in the Czech Republic [22], this
subcriterion was used to classify 356 taxa from a total of 908 plant species into categories
critically endangered (CR), endangered (EN) and vulnerable (VU). For categories extinct
(EX) and regionally extinct (RE), its use is irrelevant. If the assessed taxon does not reach
the limit value for any criterion (and thus also for subcriterion B2b), it is included in one of
the lower threat categories, e.g., near threatened (NT), least concern (LC) or data deficient
(DD) [77].

Just an empirical assessment of the B2b subcriterion is insufficient for the vast majority
of the evaluated species, especially for less threatened species. Assessment of habitat
quality for such species, based on more accurate data, can yield surprising results, such as
in the case of Cardamine matthioli. This species is evaluated as C4a/NT, but has a similar
distribution of habitat quality levels as Gratiola officinalis (C2t/EN). Although it has a
higher number of occurrences and more numerous populations, its evaluation in the given
category is probably underestimated.

For some plant species, their habitat quality, based on the parameters of habitat
degradation and habitat structure and functions, may not be, at the first sight, related
directly to their threat or to the threat to a species population in a particular habitat. The
habitat fragmentation and isolation can also have a significant effect on the decline of
populations of threatened species, and habitat quality may not decrease and nevertheless,
threatened species may gradually disappear from localities [78]. However, the process of
fragmentation and isolation will usually affect the quality of the habitat over time, e.g., by
an edge effect—these changes can be captured by mapping habitats, mainly through the
parameter structure and function, or by reduced evaluation of this parameter.

For example, Carex cespitosa may have an expansive character in the habitat of wet
Cirsium meadows and the species therefore thrives at the locality, but the quality of these
habitats can be assessed as poor in terms of species diversity and physiognomy of the
stand. However, the advancing succession can cause overgrowing the habitat with shrubs
and trees, which may also result in a final weakening of the Carex cespitosa population.

The quality of dry grasslands (narrow-leaved and broad-leaved dry grasslands) which
are overgrown with shrubs such as Rosa agrestis or R. micrantha can be assessed in a
similar way. These species cause degradation of these habitats, although the populations
of these roses are thriving just because of the partial absence of management. However,
further succession and a higher proportion of shrubs and trees cause a decrease in habitat
diversity [63] and eventually the disappearance of these roses.
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Data on habitat quality cannot therefore be used in the same manner for all species.
This parameter is very important for species sensitive to overall habitat degradation, as well
as for species associated with microhabitats and specific conditions, e.g., root parasites in
the genus Thesium [79]. On the other hand, for many species (rare field weeds, rare species
of disturbed habitats, species of ecotones, species occurring in dynamic habitats—e.g.,
gravel and muddy river banks, exposed fishpond bottoms) its use is very limited or has
no sense because the populations size and vitality of these species may not be related to
habitat quality or only marginally.

Just as it has been compared on the basis of extensive vegetation surveys of habitats of
common and rare species in central England [80], determining habitat quality [71] provides
a new perspective on the degree of threat to individual plant species. Many rare and
potentially threatened species are restricted to lowland and mid-altitude areas, which are
used by agriculture. Where are the pressures to greatest change land use? Rare species
are concentrated in less fertile habitats, and often occur in relict ones. Many rare species
have a narrow ecological valence, some appear to be limited to “transitional” habitats (e.g.,
ecotones). It is these localities that should be the aim of habitat mapping, which provides
information about their quality.

Very rare species and their habitats are relatively often studied. The degree of threat
to less rare and so-called common species can be interpreted in terms of the availability
of suitable habitats and their quality thanks to habitat mapping. The so-called Habitat
Directive (Council Directive 92/43EEC on the conservation of natural habitats and wild
fauna and flora) assesses, among other things, the status of European important species in
terms of their protection. This is done by (a) population dynamics data on the species, (b)
the natural range of the species, (c) sufficiently large habitat to maintain its populations
for on a long-term basis. In terms of their threat, they determine only their major threats,
however, level of the habitat’s quality can provide more accurate information on the degree
of threat to the species.

For nature conservation is very important the detection of the threatened species
localities for which we do not have sufficient information about the quality of the habitats
in which they grow, i.e., no habitat is recorded in the HML at the site of their occur-
rence. Therefore, emphasis should be placed on further data collection, creation of species
databases, their continuous supplementation and updating, which should always precede
the assessment of the degree of threat to a species. It is the high proportion of occurrences
with unknown habitat quality data (e.g., Rosa agrestis and Teucrium scordium) which points
to this shortcoming.

In the future, the set of threatened species could be divided into groups according
to the number of current occurrences. Within each group, it is then possible to compare
the ratios of quality levels of the habitats in which these species occur and determine
‘functional groups’. Such a categorisation could be used to determine the degree of threat
to the taxa, of course connected to other characters relating to this process (e.g., population
size and its trend, extent of occurrence, number of localities, population dynamics).

If in the future we assess the degree of threat to plant species also on the basis of the
habitats quality in which they occur, it is necessary:

(a) The creation and updating of species databases, as a necessary basis for creation of
any red list. The compilation of these databases for species with a larger number of
occurrences will be particularly problematic and laborious. Current floristic databases
contain large amounts of data, but some of them are inaccurate or even incorrect.
Above all, however, it is often data of a multiple character, and it cannot be used;

(b) Maximum spatial accuracy of floristic data, which is necessary for their unambiguous
assignment to the polygon with the given habitat. It is problematic to meet this
requirement in a situation where there is a high habitat heterogeneity that are mapped
in a mosaic at a given site.

The use of this method is especially suitable for species with a higher number of
localities. We usually do not know their exact or at least approximate number and today
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we only empirically estimate the degree of the species threat. It is absolutely essential to
use the habitat quality to detect the degree of threat to the so-called common species, which
today are outside the red list.

It should be emphasized that for some species the use of this method is problematic
(e.g., rare archaeophytic weeds, rare ruderal species, etc.), because the habitat quality is
not directly related to the size and vitality of their populations. In addition, habitats of
these species are mapped rarely, so they are included in the database only exceptionally
and usually without the parameters needed to determine their quality.

5. Conclusions

The habitats quality is a very important criterion in determining the degree of threat
to vascular plant species and the subsequent compilation of a national red list. In the Czech
Republic, thanks to the habitat mapping project, a lot of data on the quality of habitats is
available, as well as a large amount of floristic data in national electronic databases. The
analysis of these data sets can provide a more objective and detailed view of the degree
of threat to rare species and the detection of possible threats to so-called common species,
where so far only empirical assessment has been used. This assessment may be useful in
compiling another updated red list of vascular plants of the Czech Republic.
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verze) [List of Extinct, Endemic and Threatened Taxa of Vascular Plants of the Flora of the Czech Socialist Republic (First Draft)].
Preslia 1979, 51, 213–237.

20. Holub, J.; Procházka, F. Red List of Vascular Plants of the Czech Republic—2000. Preslia 2000, 72, 187–230.
21. Grulich, V. Red List of Vascular Plants of the Czech Republic: 3rd ed. Preslia 2012, 84, 631–645.
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35. Chytrý, M.; Hájek, M.; Kočí, M.; Pešout, P.; Roleček, J.; Sádlo, J.; Šumberová, K.; Sychra, J.; Boublík, K.; Douda, J.; et al. Red List of

Habitats of the Czech Republic. Ecol. Indic. 2019, 106, 105446. [CrossRef]
36. Pechanec, V.; Machar, I.; Sterbova, L.; Prokopova, M.; Kilianova, H.; Chobot, K.; Cudlin, P. Monetary Valuation of Natural Forest

Habitats in Protected Areas. Forest 2017, 8, 427. [CrossRef]
37. Nowotny, G.; Hinterstoisser, H. Biotopkartierung Salzburg: Kartierungsanleitung; Naturschutz-Beiträge 14/94; Referat 13/02;

Naturschutz; Amt der Salzburger Landesregierung: Salzburg, Austria, 1994; p. 247.
38. Nowotny, G. Praktische Anwendungen der Biotopkartierung in Salzburg (Österreich). Sauteria 1999, 10, 175–186.
39. Keusch, C.; Kirchmeir, H.; Jungmeier, M. Terrestrial Habitat-Mapping within the Hohe Tauern National Park—Methods and

results. In Proceedings of the 4th Symposium of the Hohe Tauern National Park, Kaprun, Austria, 17–19 September 2009; pp.
177–182.

40. Hoffmann-Kroll, R.; Schäfer, D.; Seibel, S. Landscape Indicators from Ecological Area Sampling in Germany. Agric. Ecosyst.
Environ. 2003, 98, 363–370. [CrossRef]

41. Noss, R.F.; LaRoe, E.T.; Scott, J.M. Endangered Ecosystems of the United States: A Preliminary Assessment of Loss and Degradation;
National Biological Service, US Department of the Interior: Washington, DC, USA, 1995; Volume 28, p. 58.

42. Godefroid, S.; Koedam, N. Identifying Indicator Plant Species of Habitat Quality and Invasibility as a Guide for Peri-Urban Forest
Management. Biodivers. Conserv. 2003, 12, 1699–1713. [CrossRef]

43. Cousins, S.A.O.; Ihse, M. A Methodological Study for Biotope and Landscape Mapping Based on CIR Aerial Photographs. Landsc.
Urban Plan. 1998, 41, 183–192. [CrossRef]

44. Blab, J.; Riecken, U.; Ssymank, A. Proposal on a Criteria System for a National Red Data Book of Biotopes. Landsc. Ecol. 1995, 10,
41–50. [CrossRef]

45. Ssymank, A.; Hauke, U.; Rückriem, C.H.; Schröder, E. Das Europäische Schutzgebietssystem Natura 2000: BfN-Handbuch zur
Umsetzung der Fauna-Flora-Habitat-Richtlinie (92/43/EWG) und der Vogelschutzrichtlinie (79/409/EWG); Bundesamt für Naturschutz:
Bonn-Bad Godesberg, Germany, 1998; p. 560.
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et al. Distributions of Vascular Plants in the Czech Republic. Part 1. [Electronic Appendices 1–75, www.preslia.cz]. Preslia 2015,
87, 417–500.
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