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Morphological variation of Carex muricata from 232 localities in the Czech Republic was analysed.
The plants were preliminarily classified using qualitative characters into six species: C. contigua,
C. muricata, C. pairae, C. chabertii, C. divulsa, and C. leersiana. Of 27 quantitative characters, all
were used in a principal components analysis and 25 in a discriminant analysis. Both analyses were
done using the data for all the species and then separately for the taxonomically complicated species
pairs. In the discriminant analysis, the most useful characters for separating particular species were
selected; they included the distance between the first and second lowermost spike of the
infructescence, infructescence length, glume length in pistillate flower, achene length, length of
perigynium beak and spike size. In the classification discriminant analysis, with the six most impor-
tant characters, 94.4% of plants were correctly classified to the designated groups. The analysis
showed that some species pairs (C. muricata — C. pairae, C. chabertii — C. leersiana) are only par-
tially distinguished by quantitative morphological characters. Some other species (C. contigua,
C. divulsa), however, are well differentiated and easily identified.
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Introduction

The Carex muricata agg. of the subgenus Vignea is considered taxonomically difficult and
in need of “comprehensive study throughout its range” (Chater 1980). That these taxa
have holocentric chromosomes (with a diffuse centromera) and agmatoploidy (Hartvig
1987) make chromosome counts, a traditional tool of vascular plant taxonomy, less useful.
Because of their graminoid nature, they have only a few taxonomically important qualita-
tive characters. Members of the C. muricata agg. are generally highly variable, and the
variation in most of their quantitative morphological characters overlap. The existence of
morphologically intermediate plants, lacking territorial affinity, makes a taxonomic solu-
tion difficult and accounts for why the aggregate has never been revised in its entire range.
This has resulted in various species concepts being coined and nomenclatural confusion.

For distinguishing particular taxa, earlier authors tended to prefer qualitative charac-
ters, such as the structure of the inflorescence (contiguous versus with the lower spikes
separated from each other), perigynium shape and its position in relation to the spike axis
(divaricate versus erecto-patent) and shape of leaf ligule (length/width ratio).

The most frequent characters used to distinguish the species of this aggregate are pre-
sented in Table 1. In my opinion, many of the characters, such as the length of the bract
supporting the lowermost inflorescence spike or leaf ligule width/length ratio, are taxo-
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Table 1. — Taxonomically important characters of Carex muricata agg. used by Central European authors.

Garcke 1885

Appel 1890

Vollmann 1903

Kiikenthal 1909

Hermann 1943

Schultze-Motel 1977

Chater 1980

Dostél 1989

Fischer 1994

ligule length and shape of its top

distances between the spikes of the inflorescence
angle between perigynium and the spike axis
structure of infructescence

achene shape (rhombic, ovoid to obovoid)

size and length of perigynium

length/width ratio of ligula and colour of ligula margin
appearance of stem and leaf

colour of plant

angle between perigynia and the spike axis

shape of sheath top; hyaline inner face of sheath

roughness of stem and stem diameter

length and shape of perigynium

position of achene in the perigynium; thickness of perigynium wall

structure of inflorescence and distance between spikes
perigynium length

corky or spongy tissue at perigynium base

angle between perigynium and the spike axis

shape of sheath top

length/width ratio of perigynium

roughness of beak margin

angle between perigynium and the spike axis
colour of glumes in pistillate flowers
inflorescence length

leaf width

shape and size of perigynium
angle between perigynium and the spike axis

colour of basal leaf sheaths and colour of roots

length/width ratio of ligule

corky or spongy tissue at perigynium base

inflorescence density (distance between the lower spikes and spike distance/spike
length ratio)

inflorescence length

shape of perigynium base

inflorescence density and distance between the lower spikes
inflorescence length and branching

perigynium length (or length/width ratio)

angle between perigynium and the spike axis

colour of stem base; colour of sheaths of basal leaves

corky or spongy tissue at perigynium base

heigth/width ratio of ligule

colour of roots

roughness of stem

leaf width

inflorescence length and branching

perigynium length

gradually or abruptly contracting of perigynium into beak

density and structure of inflorescence; distance between the lower spikes
glume colour in pistillate flowers
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Table 2. — Taxonomic schemes and nomenclature of the Carex muricata agg. according to European authors.

This study Schultz 1871 Ascherson & Kiikenthal 1909 Chater 1980 Loos 1996
Graebner 1902
C. contigua Hoppe  C. contigua Hoppe  C. muricata L. C. contigua Hoppe  C. spicata Huds. C. spicata Huds. (s. 1.)
C. muricata L. C. muricata subsp. C. muricata L. subsp. C. muricata L. (s. str.)
C. Pairaei Pairaei C. echinata Murr. muricata
C. pairae F. W. Schultz (F. W. Schultz) C. muricata subsp.  C. pairae
F. W. Schultz Asch. et Graebn. lamprocarpa Celak. F. W. Schultz

C. divulsa Stokes C. divulsa Good. C. divulsa Good. C. divulsa Stokes C. divulsa Stokes C. divulsa Stokes
subsp. divulsa

C. muricata subsp.  C. echinata var. C. divulsa subsp.
C. leersiana C. Leersii Leersii Leersii leersii (Kneuck.)
Rauschert F. W. Schultz (F. W. Schultz) (F. W. Schultz) Walo Koch
Asch. et Graebn. Kiik. C. guestphalica

(Boenn. ex Rchb.)

C. divulsa subsp. C. divulsa var. Boenn. ex O. F. Lang

C. chabertii F. W. C. Chaberti F. W. Chabertii Chabertii C. chabertii
Schultz Schultz (F. W. Schultz) (F. W. Schultz) F. W. Schultz
Asch. et Graebn. Kneuck.

nomically meaningless. On the other hand, the presence of aerenchyma at the perigynium
base (often separated from the other part by a groove) is a valuable diagnostic character of
C. contigua Hoppe, which was not recognized before 1870 (Schultz 1870). The same ap-
plies to another useful character, the perigynium shape (Schultz 1868, 1870, 1871). The
quantitative characters that came into use later (e.g. Vollmann 1903, Blytt 1906; less
Kiikenthal 1909 and Hermann 1943) were mainly stem length, leaf width and perigynium
length. However, the values were based on measurements made on few plants, and not
analysed numerically. Even the accounts in some widely used Central European hand-
books (Benkert 1976, Schultze-Motel 1977) were probably compiled using unreliable
data in the literature. Only the more recent accounts of the aggregate in Europe (Chater
1980), the British Isles (Jermy et al. 1982, David & Kelcey 1985) and Austria (Fischer
1994) seem to be based on measurements of the most important characters.

Taxonomic schemes and the nomenclature of the aggregate are presented in Table 2.
Studies of the species of the aggregate in Europe distinguish three taxa at the species level:
C. contigua (= C. spicata auct.), C. muricata L., and C. divulsa Stokes, with C. pairae F.
W. Schultz and C. leersiana Rauschert as subspecies of the latter two species, respectively.
Carex chabertii F. W. Schultz was classified as a local type from Germany (Chater 1980)
or a hybrid between C. divulsa and C. leersiana (David 1976). More recently, it was
merged with C. leersiana and the name C. guestphalica (Boenn. ex Reichenb.) Boenn. ex
O. F. Lang was coined for this combined taxon (Loos 1996).

The only paper dealing with the numerical taxonomy of this aggregate contains a bio-
metric study of the C. muricata agg. in Slovakia, which uses both qualitative and quantita-
tive characters (Medovi¢ 1960). The characters measured were leaf ligule length and
width, inflorescence length and width, distance between the two lowermost spikes of the
inflorescence, glume length and width, perigynium length and width, and length of the
perigynium beak. For statistical analysis, ratios of some character pairs were also used.
Three species comprising five taxa: C. contigua, including var. contigua and var.
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nemorosa, C. pairaei auct. (= C. muricata) and C. divulsa, including two subspecies,
subsp. divulsa and subsp. leersii (= C. leersiana) were recognized (Medovi¢ 1960).

The purpose of this study was to analyse quantitative characters in order to answer the
following questions: (1) Is it possible to recognize particular taxa (based mainly on quali-
tative characters) using quantitative characters? (2) Which quantitative characters are most
useful for species identification?

Materials and methods

The measurements were made on herbarium specimens. A total of 232 samples were ana-
lysed; their localities are listed in Appendix 1. In selecting plants for analysis I tried to (1)
cover the whole range of the morphological variation encountered within the aggregate in
the Czech Republic and (2) include plants from most parts of the country. To meet the first
criterion plants were preliminarily assigned to six taxa (for the purpose of brevity referred
to as species) based on qualitative characters, mainly perigynium shape and infructescence
structure. Further qualitative characters of particular taxa are presented in Table 3.

Five to ten mature stems in each sample (1-3 plants from a locality) were measured.
Twenty-seven characters were analysed: 21 quantitative characters were measured (Table
4) and another 6 characters were calculated as ratios. The characters were always those of
one stem and measurements were selected because (1) they were frequently used in identi-
fication keys or (2) of personal field and herbarium experience.

The data was analysed by principal components analysis (PCA) using the CANOCO
program (ter Braak & Smilauer 1998). The PCA was used on the correlation matrix, with
standardized characters.

The canonical discriminant analysis was computed using the program SPSS 8.0 (SPSS
Inc. 1998). First, the entire data set was analysed, and then, taxonomically indistinct spe-
cies pairs were analysed separately. Characters with the highest coefficient of the canoni-
cal structure on the first three canonical functions were selected. These characters explain
the highest proportion of variance between groups (species). Than a stepwise discriminant

Table 3. — Qualitative characters in the members of the Carex muricata agg. from the Czech Republic.

Species Characters

C. contigua root exodermis purple; basal sheaths reddish; sheaths of basal leaves herbaceous (brownish
when dry), all with lamina; with corky or spongy tissue at perigynium base

C. muricata stem below the infructescence rough; glumes markedly shorter than perigynium; dark brown, mak-
ing at flowering time a strong colour contrast with the green perigynia; early flowering plants

C. pairae stem below the infructescence smooth; glumes turning hyaline as the fruits mature, making a pro-

nounced colour contrast with dark-brown perigynia (in full fruit maturity); supporting bracts of
lower spikes setaceous; later flowering plants; leaf often infested with a pathogenic fungus

C. chabertii spikes ellipsoid, bristly; perigynium beak pointing backwards (at 20-30° below from the
perigynium axis) when mature

C. leersiana spikes globous; perigynium beak pointing forwards (in the direction of perigynium axis) when
mature; infructescence often branched below

C. divulsa the oldest part of rhizome prolongated; stem below the infructescence sharply rough and

trigonous; spikes small, few-flowered, the lower ones sometimes distant from each other;
glumes greenish-white
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Table 4. — Quantitative characters measured in the present study.

Acronym Character

Lste stem length

Wste stem base width

Wileaf width of the widest leaf

Lleaf length of the highest leaf on the stem

Lig ligula length of the highest leaf

Linf infructescence length

Winf infructescence width

Brinf infructescence branch length

Dil2 distance between the 1st and 2nd lowest spikes

Di23 distance between the 2nd and 3rd lowest spikes
Di34 distance between the 3rd and 4th lowest spikes

Spno number of spikes per infructescence

Spsi spike size (spike length x spike width)

Perno number of perigynia per spike

Lglu glume length in pistillate flower

Lper perigynium length

Wper perigynium width

Lbeak length of perigynium beak (= distance from the top of achene to the apex of perigynium)
Ltoo length of perigynium teeth

Lach achene length

Wach achene width

Lper/Wper perigynium length/perigynium width

Lach/Wach achene length/achene width

Lste/Lleaf stem length/length of the highest stem leaf
Linf/Dil2 infructescence length/distance between the 1st and 2nd lowest spike
Lper/Lglu perigynium length/glume length in a pistillate flower
Lper/Lbeak perigynium length/length of perigynium beak

analysis was used to find the best set of discriminant characters. In this analysis, characters
were entered one by one and the process stopped when none of the remaining characters
significantly improved the discriminant capacity (P <0.01).

Finally, a classification discriminant analysis (cross-validation) of the samples with the
classification function combining respective characters and their weights was carried out
to determine the group (taxon) into which the classified object belongs with the highest
probability. The procedure was as follows: n — 1 samples were chosen from a set of n sam-
ples, and used as the training set. This was used to derive the classification criterion
(model), which was then applied to the excluded sample. This was repeated n times.

Results
Principal components analysis

The first three components in the analysis of all samples explained 38.6%, 17.4%, and
10.8% respectivelly of the total variation (Fig. 1). Carex divulsa was well separated from
the other five species along the second axis, whereas the other taxa were not clearly sepa-
rated from each other. Carex muricata and C. pairae were partially separated from the ag-
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Fig. 1. - PCA ordination of the Carex muricata agg. a—axis 1 and 2; b — axis 1 and 2 (the vectors show character
loadings); ¢ — axis 1 and 3.

gregate along the third axis. On the other hand, C. chabertii and C. leersiana overlapped
each other along the first three axes.

Separate PCAs (Fig. 2) were calculated for the species pairs poorly separated in the
PCA of all the species, i.e. C. chabertii — C. leersiana, C. contigua — C. muricata, and
C. muricata — C. pairae. If treated separately, these pairs could be distinguished by quanti-
tative characters used in this study. However, C. contigua and C. muricata were separated
only along the second axis, so the main variation in quantitative characters is not associ-
ated with the species.
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Fig. 2. — PCA ordinations of species pairs in the Carex muricata agg. a— C. chabertii () and C. leersiana (O);
b — C. contigua (@) and C. muricata (%); ¢ — C. muricata (%) and C. pairae (V).

Discriminant analysis

The correlations between characters were tested uisng the non-parametric Spearman test.
High correlations were found for the character pairs Linf and Di23 (0.955, P < 0.01), and
Linf and Di34 (0.954, P < 0.01). For this reason, only Linf, the most important character,
was used in discriminant analysis.

In the analysis of the entire data set, the first three canonical functions accounted for
86.3% of the total variation (first 37.6%, second 31.1%, and third 17.6%). The most im-
portant characters, according to their correlations with the canonical axes (canonical struc-
ture coefficients in absolute value — Table 5), are the distance between the first and second
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Table 5. — The most important characters of Carex muricata agg. as identified by discriminant analysis. The val-
ues of canonical structure coefficients are shown, with significant results shown in bold. See text for details and
Table 3 for abbreviations of characters.

Character Function
1 2 3 4 5
Dil2 0.595 0.072 -0.145 -0.136 -0.042
Linf 0.589 0.143 -0.019 -0.073 0.097
Linf/Dil2 -0.330 0.224 0.088 0.182 0.159
Lleaf 0.302 -0.068 0.199 -0.022 -0.030
Lach/Wach 0.269 0.007 0.260 0.162 0.183
Ltoo 0.266 0.243 0.263 0.192 -0.036
Lste/Lleaf -0.213 0.080 0.054 -0.091 0.047
Lglu -0.072 0.553 -0.058 -0.373 0.124
Perno -0.181 -0.285 0.261 0.077 0.113
Lper 0.149 0.418 0.596 -0.147 -0.091
Lbeak 0.113 0.412 0.554 0.034 -0.213
Spsi -0.023 0.165 0.485 -0.238 0.140
Winf 0.052 0.156 0.383 -0.219 0.168
Wieaf 0.215 0.071 0.365 -0.194 -0.043
Wste 0.140 0.028 0.258 -0.133 0.029
Lste 0.064 -0.017 0.242 -0.131 0.043
Wper -0.098 -0.057 0.220 —-0.649 -0.263
Wach -0.038 0.029 0.082 -0.502 -0.023
Lper/Wper 0.210 0.401 0.286 0.460 0.081
Lach 0.221 0.064 0.351 -0.392 0.169
Lper/Lglu 0.036 -0.073 0.118 0.146 —-0.005
Spno 0.242 0.121 0.206 -0.122 0.399
Lig 0.050 0.305 -0.076 0.201 -0.330
Brinf 0.210 0.027 0.047 -0.254 0.293
Lper/Lbeak -0.081 -0.188 -0.245 0.005 0.291
6.0
5.0
4.0
3.0
2.0 LAy
J— 1.0 \6/'.‘.
g 0k v"f\%‘f‘o ______
< 2o | |!w?a&.“
3.0 : ‘ 'Y| !g..
-0 “Ih*
oo SN
= (N

Fig. 3. — Discriminant analysis of the Carex muricata agg. Discriminant scores of the first three discriminant
functions are shown; B — C. chabertii, O — C. pairae, $& — C. muricata, V) — C. contigug, /\ — C. divulsa,

= - C. leersiana.
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Fig. 4. — Discriminant analysis of selected species pairs of the Carex muricata agg.

spike of the infructescence, infructescence length, glume length in pistillate flowers,
perigynium length, perigynium beak length and spike size.

Fig. 3 shows samples of particular taxa arranged in the three-dimensional space. Ac-
cording to the first function the best characters for the distinguishing species are the dis-
tance between the first and second spike of the infructescence, and infructescence length.
According to the second function, the groups are best distinguished by glume length in
pistillate flowers, perigynium length and perigynium beak length, and the third function
by spike size. The pairs C. pairae — C. muricata, and C. chabertii — C. leersiana were not
fully separated on any of the axes.

Some species pairs were subjected to separate discriminant analysis. The pairs were se-
lected because of (1) frequent confusion in the field and herbaria, (2) separation at infraspecific
level in current literature or (3) diagnostic characters unclearly formulated or qualitative. The
species pairs analysed included C. chabertii — C. contigua, C. chabertii — C. divulsa
C. chabertii — C. leersiana, C. chabertii — C. muricata, C. contigua — C. muricata C.
contigua — C. pairae, C. divulsa — C. leersiana, C. leersiana — C. muricata and C. muricata —
C. pairae.

Most species pairs were separated along the first canonical axis; they were (most useful
characters given in brackets; for character abbreviations see Table 4): C. chabertii —
C. contigua (Lglu, Lach/Wach, Lper/Lglu, Dil2, Lste, Linf), C. chabertii — C. divulsa
(Perno), C. chabertii — C. muricata (Lper/Wper, Lper), C. contigua — C. muricata (Lglu),
C. contigua — C. pairae (Lbeak, Lper) and C. leersiana — C. muricata (Linf, Lglu).
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Table 6. — The most important characters for species pairs of the Carex muricata agg. as identified by
discriminant analysis, selected by the value of canonical structure coefficients. See Table 3 for abbreviations of
characters.

Species C. pairae C. muricata C. chabertii C. leersiana
Lbeak Lglu Lglu
Lper Lbeak Lach/Wach
C. contigua Lach Lper/Wper Lper/Lglu
Lglu Lper Dil2
Ltoo Lper/Lbeak Lste
Wieaf Lper/Lglu Linf
Wper
Lper
C. pairae Lbeak
Wach
Spsi
Lste
Lper/Wper Linf
Lper Lglu
C. muricata Spno Dil2
Lbeak Wach
Spsi Brinf
Winf Ltoo
Lper/Lglu
Lper/Lbeak
C. chabertii Lbeak
Lper
Linf/Dil2
Dil2
Perno Wach
Dil2 Lper/Wper
C. divulsa Linf Lach
Spsi Wach
Wach Spsi
Winf Lper/Lbeak

The species pairs C. chabertii — C. leersiana (Lper/Lglu), C. divulsa — C. leersiana
(Wach) and C. muricata — C. pairae (Lper, Wper, Lbeak, Ltoo) were incompletely sepa-
rated due to one incorrectly classified sample (Fig. 4).

Stepwise discriminant analysis, run in 16 steps, selected 15 uncorrelated characters for
distinguishing between taxa of the C. muricata agg. (Table 6). These 15 characters were
used in the classification discriminant analysis that classified 97.0% of the samples to the
designated assumed groups. When only six of these characters (Dil2, Lper, Lglu, Wper,
Lig, Perno) were used, 94.4% of the samples were successfully classified, so the other
characters increased the percentage very little. The uncorrelated characters useful for dis-
tinguishing between particular taxonomically complicated species pairs were also se-
lected by this method (Table 7).



Repka: Carex muricata in the Czech Republic

243

Table 7. — The results of stepwise discriminant analysis. The most important characters for species pairs of the
Carex muricata agg. are presented. See Table 3 for abbreviations of characters.

Species C. pairae C. muricata C. chabertii C. leersiana
Lbeak Lglu Lglu
Lglu Lig Wileaf
C. contigua Lig Perno Lig
Perno Lach Lleaf
Lste/Lleaf Lper/Wper Lach/Wach
Winf Perno
Lste/Lleaf Linf/Dil2
Wieaf Ltoo
Wper
Lbeak
C. pairae Lglu
Lach/Wach
Linf/Dil2
Lper/Wper Linf
Spno Perno
Linf/Dil2 Lglu
C. muricata Spsi Lach/Wach
Lste Lbeak
Perno Wach
Lper/Lbeak
Lper/Lglu
Linf/Dil2
Wach
C. chabertii Lbeak
Ltoo
Linf
Wste
Perno Wper
C. divulsa Linf Linf
Lper Lbeak
Brinf Spsi

Table 8. — Results of classification discriminant analysis (cross-validation): 1 — C. chabertii.,2 - C. leersiana., 3 —
C. divulsa., 4 — C. contigua., 5 — C. muricata., and 6 — C. pairae .

Predicted group membership

Actual group

AN R W=

1
46=100%
0
1=2.4%
0

0
0

2
0
31=100%
1=2.4%
0
0
0

3 4
0 0
0 0

40=95.2% 0
0 45=100%

0 0

1=2.7% 0

27

S o oo

1% 2=6.9%

5
0
0
0
0
=93.
0 38=97.4%




244 Preslia 75: 233-248, 2003

Classification discriminant analysis

Of 232 samples included in classification discriminant analysis, 97.8% were classified cor-
rectly, i.e, in accordance with the preliminary classification. As shown in Table 8, one sam-
ple of C. chabertii was classified as C. muricata, one sample of C. pairae as C. muricata, one
sample of C. muricata as C. leersiana, and two samples of C. divulsa as C. leersiana.

Discussion

The multivariate analysis of quantitative characters has shown that only Carex contigua
and C. divulsa can be separated from the other members of the aggregate. This is corrobo-
rated by the fact that these species are rarely misidentified in the field. The results depend
on the method and characters selected.

In PCA, which was used to visualize the differences, some species were poorly sepa-
rated or unseparated, such as the pair C. muricata — C. pairae . These two species can reli-
ably be distinguished by qualitative characters (Jermy et al. 1993, Grulich & Repka 2002)
but not by quantitative characters. Furthermore, intermediate plants are sometimes en-
countered. The samples of the other complicated species pair, C. chabertii — C. leersiana,
were well separated along the first axis.

In the classification discriminant analysis (CDA) using 25 characters, 97.8% of the sam-
ples were classified correctly. This high success rate supports the value of some quantitative
characters. The incorrectly classified samples may represent intermediates and their percent-
age (2.2%) roughly corresponds to previous estimates (ca 5%).

Comparison of the results of PCA and DA is possible only when comparing species
pairs. Most of the differences, however, can be explained by the different algorithms used
in the analyses: DA emphasizes characters that distinguish groups while suppressing the
variation within groups, whereas PCA tends to accentuate the within-group variation.

The characters identified as important by DA partly coincide with those mentioned in
the literature (Table 1). The quantitative characters most frequently used by earlier authors
(before 1950) are the perigynium length and width, followed by the distance between the
lowermost spikes of the infructescence, inflorescence length, ligule length, ligule
length/width ratio and leaf width. Modern authors (Chater 1980, Fischer 1994) mainly use
the following characters: distance between the lower spikes in the infructescence
(“infructescence density”), perigynium size, ligule length/width ratio, infructescence
length, spike distance/spike size ratio. Of the DA characters, the three most frequent and
taxonomically most important ones for both groups are the distance between the two low-
ermost spikes in the infructescence, infructescence length and perigynium length. How-
ever, it must be emphasized that the samples originated from the Czech Republic, whereas
the literature refers to Central Europe.

Some difficulties arise when identifying C. chabertii and C. leersiana. Most plants from
the Czech Republic are easily identified. They can be distinguished by several quantitative
characters if mature or almost mature perigynia are present, but there are few qualitative
characters (see Materials and methods). However, intermediates between the two are some-
times found. They are intermediate in length, width, and shape of the perigynium, whereas
the remaining characters correspond to C. chabertii. Such plants were found at several sites
in southern Moravia and northern Bohemia, and they more frequent in southern Slovakia.
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Mainly qualitative characters should be used for identification purposes. Quantitative
characters, including those of the perigynium, are generally very variable and should be
used only as supplementary. It is necessary to measure a particular character on several
plants, and to repeat the measurements several times. Identification of some plants, mainly
those without fruits or from shaded places, will always be impossible.

The specific rank of C. leersiana and C. chabertii is uncertain because a well-founded
taxonomic solution depends on a study of populations from the whole range of the
aggregate.
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Souhrn

Clanek piina3i vysledky analyzy kvantitativnich znaki ostfic ze skupiny Carex muricata, a to taxonti (druhti)
C. contigua, C. muricata, C. pairae, C. chabertii, C. divulsa a C. leersiana. Celkem bylo studovano 232 vzorkt
z Ceské republiky (seznam lokalit viz Appendix 1), které byly predb&zn& determinovany podle kvalitativnich zna-
ki. Méfeno bylo 27 kvantitativnich znaku (tab. 3). Ziskany datovy soubor byl hodnocen analyzou hlavnich kom-
ponent (PCA) v programu CANOCO a diskriminacni analyzou v programu SPSS 8.0. V obou piipadech byly
analyzovany jak celé datové soubory, tak dvojice taxoni, které jsou pravdépodobné blizce piibuzné nebo piisobi
obtiZe pfi urcovani.

V analyze hlavnich komponent (PCA) celého souboru vysvétluji prvni dvé osy 38,6 % a 17,4 % variability.
Vzorky C. divulsa byly oddéleny nejlépe, zatimco ostatni taxony byly oddéleny nedostatecné. Podle tfeti osy, kte-
ra vysvétluje 10,8 % variability, se vzorky C. muricata a C. pairae oddélily od zbytku souboru. Dvojice C. cha-
bertii — C. leersiana zustala nerozliSena.

V PCA provedenych samostatné pro determinacné obtizné dvojice taxont se podle kvantitativnich znakt
hiife oddélila dvojice taxont C. muricata — C. pairae, zatimco dvojice C. chabertii — C. leersiana byla oddélena
uspokojivé. V druhém piipadé je vSak mozné rozliSeni podle vzdalenosti prvniho a druhého dolniho klasku plo-
denstvi, Sitky mosnicky, délky plevy samiciho kvétu a Sitky nazky.
rozlieni jednotlivych taxond, a to vzdalenost prvniho a druhého dolniho klasku plodenstvi, délku plodenstvi, dél-
ku plevy samiciho kvétu, délku mosnicky, délku zobanku mosnicky a velikost klasku. Prvni tii diskriminacni
funkce vysvétlily 86,3 % variability. V zobrazeni v trojrozmérném prostoru (obr. 3) se alespon ¢astecné prolinaji
vzorky taxont C. pairae — C. muricata, C. chabertii— C. leersiana a C. divulsa— C. leersiana. Pomoci DA jednot-
livych dvojic taxont byly vybrany nejdulezitéjsi znaky pro jejich vzajemné odliseni. VéEtsina dvojic byla jedno-
znacné oddélena. Nejednoznacné bylo oddéleni dvojic C. divulsa — C. leersiana, C. chabertii — C. leersiana a C.
muricata — C. pairae. To odpovida zkuSenostem z terénu a herbart, kde byly zaznamenany morfologicky
intermediarni rostliny.

Pomoci krokové diskrimina¢ni analyzy bylo vybrano 15 nejvyznamnéjsich, vzajemné nekorelovanych znakt
pro rozliSeni taxont skupiny. Mezi Sest nejvyznamnéjsich patii vzdalenost prvniho a druhého dolniho klasku plo-
denstvi, délka moSnicky, délka plevy samiciho kvétu, §ifka moSnicky, délka jazycku a pocet moSnicek v kldsku;
tyto znaky postacuji ke klasifikaci do pfedpokladanych skupin (taxont) s Gspésnosti 94,4 %. Klasifikacni diskri-
minacni analyza hodnotila ze 232 vzorku zatazenych do analyzy 227 (97,8 %) spravné, tj. shodné s predbéznou
klasifikaci podle kvalitativnich znaku.

Mnohorozmérna analyza ukézala, Ze kvantitativni znaky 1ze pfi taxonomickém vymezeni a ur¢ovani zastupct
agregatu C. muricata pouZit jako vhodny doplnék kvalitativnich znakt. Samostatné vSak postacuji pouze k odli-
Seni nékterych taxond, zejména C. contigua, popt. C. divulsa.

Analyza prokazala jen ¢aste¢nou rozliSitelnost nékterych taxonti skupiny C. muricata podle zvolenych kvali-
tativnich a kvantitativnich znakt (C. muricata — C. pairae, C. chabertii— C. leersiana). U nékterych (C. contigua
C. divulsa) 1ze naopak konstatovat, Ze jsou dobfe podle téchto znaki diferencovany a jsou relativné dobie rozlisi-
telné.
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Appendix 1. — List of localities studied.

Herbarium specimens given without the name of a collector or without abbreviation of the herbarium institute are
deposited in the author’s private herbarium. Abbreviations of herbaria follow Vozéirova & Sutory (2001).

Carex contigua Hoppe. W Bohemia: FrantiSkovy Lazné-LuZna, 1996 Lysak; NW Bohemia: Otvice, field road,
1994 Ondracek CHOM; §krle, saline meadow, 1997 Ondracek CHOM; Vrskmaii, dry meadow, 1994 Ondracek
CHOM; NE Bohemia: M¢l¢any, roadside, 1990 Ondra¢ek CHOM; N Bohemia: Dolni Prysk, Stfedni vrch Hill,
1994 Ondracek CHOM,; Kravare, meadow, 1993 Ondracek CHOM,; Liberec-Katefinky, embankment in village,
1991 Repka BRNM; Osecnd, embankment in village, 1991 ﬁepka BRNM; Provodin, Lysa skdla Rock, 1997
Ondracek CHOM; Central Bohemia: Lysi nad Labem, meadow, 1994; Orlov, roadside, 1997 Hlavacek herb.
Piibram; Velk4 Cernoc, forest margin, 1993 Ondracek CHOM; Zehuii-Stara Bé, road, 1994 Cap; SW Bohemia:
Horazdovice, roadside, 1991; Zelena Lhota, village, 1995; E Bohemia: Dubenec, Zamecky vrch Hill, 1983;
Pardubice, Bélobranské dubina forest, 1987 Jozifova; Chocen-Dvofisté, roadside, 1989; Zdirec nad Doubravici,
railway, 1990; Pribyslav, railway station, 1990; Hluboka, pine forest, 1986; S Bohemia: Oslov, Vltava River bank,
1991 gtech; Vraz, roadside, 1991 Stech; Otice, military training area, 1996; N Moravia: Velkd Kra§, garden in vil-
lage, 1997; Janské koupele, Moravice River valley, 1984; NW Moravia: Ubusinek, Strachiv kopec Hill, 1994;
Hluboké, meadow, 1994; S Moravia: Lysice, brook valley, 1990; Bmo—Zidenice, cemetery, 1990; Stielice,
Bobrava River valley, 1988; Vedrovice, oak forest, 1988; HruSovany u Brna, oak forest, 1990; Moutnice,
Rumunskd baZantnice forest, 1989; Pohorelice, Proklata forest, 1990; Mikulov, Milovicky les forest, 1989;
Tvrdonice, Morava River valley, 1985; Malinky, oak-hornbeam forest, 1992; SE Moravia: Osvétimany, Vranovy
Zleby valley, 1987; Buchlovice, Chrasti Hill, 1987; Hodonin, Dabrava forest, 1990; Hodonin town, 1989; Central
Moravia: Hustopece nad Becvou, roadside, 1985; E Moravia: Hrad¢ovice, field roadside, 1987 Danihelka.

Carex muricata L. W Bohemia: Pavlovice, MZe River valley, 1992 gtech; NW Bohemia: Misto, vicinity of
castle ruin, 1996 Ondrdcek CHOM; Liboiiov, in vicinity of the village, 1997 Ondracek CHOM; Vysoka Pec,
Jedlak Hill, 1996 Ondracek CHOM; Stadice, Hradisté reserve, 1996 Ondracek CHOM; N Bohemia: Ceska Lipa,
east limits of town, 1997 Ondracek CHOM; Bezdéz, beech forest, 1998; Central Bohemia: Orlik, broadleaved
forest, 1991 Marek; Svétla nad Sazavou, railway, 1997; Tunochody, forest road, 1997 Lysédk; Vlast&jovice,
quarry, 1997 Grulich; SW Bohemia: KasSperské Hory, on a wall, 1996; Srni, forest margin, 1996; Ceiikova Pila,
Dra&i skaly rock, 1995; Filipova Huf, roadside, 1995; S Bohemia: Oslov, Vltava River bank, 1991 §tech;
Zahvozdi, KniZeci Stolec Mountain, 1996; Cernd v PosSumavi, quarry, 1996; NE Bohemia: Dobré, brook valley,
1997; Osecnice, KleCkov castle ruin, 1997; Machov, roadside, 1997; NW Moravia: Korouhvice, oak-hornbeam
forest, 1994; Veseli, mixed forest, 1994; S Moravia: Milonice, beech forest, 1986; Hofice, mixed forest, 1986;
Blansko, roadside, 1992; Cebin, Cebinka Hill, 1990; Horakov, Rokytnice brook valley, 1992; HruSovany u Brna,
black locust forest, 1990; Zabéice, Scot’s pine plantation, 1986; Pohofelice, Proklata forest, 1990; Hlina, in vicin-
ity of village, 1986; Neslovice, brook valley, 1985; Ivancice, St. Jakub Hill, 1996; Moutnice, Rumunska
bazantnice forest, 1989; Dolenice, Libické forest, 1991; Podmoli, Lis¢i skdla Rock, 1992; Uhercice, castle park,
1997; Snovidky, Hluboka valley, 1986; SE Moravia: Salas, roadside, 1987; Kosiky, Kudlovicka dolina valley,
1985; Hodonin, Dtbrava forest, 1992.

Carex pairae F. W. Schultz. N Bohemia: Velky Senov, Partyzansky vrch Hill, 1997; Vysoké Lipa, in village,
1998 Cép; Vysoka Lipa, roadside, 1994 Ondracek CHOM; Dlouhy Dul, pasture, 1997 Cép; Dolni Prysk, road-
side, 1994 Ondracek CHOM; Katefinky, roadside ditch, 1991; Doksy, Borny Hill, 1997 Ondricek CHOM;
Hradcany, roadside, 1997 Ondricek CHOM; NW Bohemia: Libouchec, meadow, 1998 Ondricek CHOM;
Petrovice, pasture, 1997 Ondricek CHOM; Naklétfov, meadow, 1998 Ondricek CHOM; Habartice, roadside,
1998 Ondracek CHOM; Uncin, under Kysperk castle, 1998 Ondracek CHOM; Vysoka Pec, Jedldk Hill, 1996
Ondracek CHOM; Pysna, forest margin, 1995 Ondracek CHOM; Chomutov-Horni Ves, oak forest, 1997
Ondracek CHOM; Domina, railway, 1998 Ondra¢ek CHOM; Blahutiov, pasture, 1995 Ondracek CHOM; Petlery,
roadside, 1993 Ondracek CHOM; Kamenné, meadow, 1996 Ondracek CHOM; SW Bohemia: Nyrsko, Hranic¢ar
Hill, 1995; DiviSovice, DiviSovicky les forest, 1995; Zelend Lhota, on a wall, 1995; Javorna, forest margin, 1995;
Cervené, vicinity, 1996; Rejstejn, dry balks, 1995; Nicov, dry balks, 1996; Predni Zborovice, pasture, 1991
Otruba; Central Bohemia: Ronov, Sézava River valley, 1990; Nové Dvory, railway dike, 1986; NE Bohemia:
Olesnice v Orlickych horach, pasture, 1997.

Carex chabertii F. W. Schultz. NW Bohemia: Horni Kaff, meadow, 1993 Ondracek CHOM; Otvice, oak for-
est, 1994 Ondracek CHOM; delice, Udlické doubi forest, 1994 Ondracek CHOM,; Pesvice, Michanicky lesik
forest, 1994 Ondracek CHOM; Liden, pasture, 1994 Ondracek CHOM,; Petlery, quarry, 1993 Ondracek CHOM;
Central Bohemia: Rimovice, a clearing in mixed forest, 1997; NE Bohemia: Bezdékov nad Metuji, roadside,
1997; Machov, dry meadow, 1997; Novy Hradek, Frymburk castle ruin, 1997; Olesnice v Orlickych hor4ch, in the
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village, 1997; Olesnice, Vapenka quarry, 1997; NE Moravia: Karolinka, forest road, 1997 Hajek BRNU; Central
Moravia: Chropyné, Rasina forest, 1985; PleSovec, hard-wood floodplain forest, 1985; S Moravia: Pustiméf,
black locust forest, 1993; Drysice, oak-black locust forest, 1993; Pozofice, in a vicinity of cement factory, 1999;
Ceska u Brna, Sychrov Hill, 1986; Bilovice, Melatin brook valley, 1985; Bilovice, oak-hornbeam forest, 1999;
Brno-Obrany, Svitava River valley, 1999; Omice, mixed forest, 1985; Stfelice, Stielicky les forest, 1985; Hlina,
brook valley, 1986; Ivancice, black locust forest, 1986; ReSice, Rokytn4 river valley, 1985; Dobiinsko, dry
meadow, 1985; Cermékovice, oak forest, 1985; DZbénice, Tanarka forest, 1986; Vémyslice, oak-black locust for-
est, 1985; Petrovice, black locust forest, 1999; Lesonice, black locust forest, 1985; Lesonice, Lesonicky les for-
est, 1986; Vedrovice, Krumlovsky les forest, 1986; Trsténice, black locust forest, 1986; BoZice, U Jezirek valley,
1986; Moutnice, Rumunska baZantnice forest, 1984; Pfibice, Bedfichuv les forest, 1985; Ladn4, roadside, 1985;
Valtice, Bofi les forest, 1985; Kobefice, forest valley, 1985; Muténice, Dolni Kapansko forest, 1999; Ratiskovice,
Rudnik hamlet, 1985; Moravsky Pisek, Chladikov forest, 1986; SE Moravia: Kostelany, roadside, 1985.

Carex leersiana Rauschert. Central Bohemia: Velci, military training area, 1999 Nesvadbova et Pechidckova
PL; Loucen, in the vicinity of Novy pond, 1983 Sachl ROZ; Pribyslavice, Tisa skéla rock, 1997; S Moravia:
Lysice, castle park, 1990; Lule¢, in the vicinity of a quarry, 1992; Vitovice, gamekeeper’s house, 1992; Brno-
Cemovice, roadside ditch, 1984-5; HruSovany u Brna, black locust forest, 1990; RakSice, oak forest, 1988;
Vedrovice, Krumlovsky les forest margin, 1988; Bohutice, Leskoun Hill, 1999; Podmoli, place called g(’)bes,
1993; Moutnice, Rumunska bazantnice forest, 1989; Valtice, Boii les forest, 1990; Charvatska Nova Ves,
Ladenska alej road, 1990; PoStorn4, along the railway, 1995; Postorn4, Boi{ les forest, 1995; Kobefice u Brna,
thermophilous oak forest, 1994; Hlubocany, Hluboc¢ansky h4j forest, 1993; Nemochovice, Hradisko Hill, 1994;
Nevojice, Cerneck)’/ héjek forest, 1994; Nevojice, forest clearing, 1994; SE Moravia: Zdénice, beech forest, 1996;
Zdz’mice, place called U Slepice, 1996; Lov¢ice, beech forest I, 1996; Lov¢ice, beech forest II, 1996; Snovidky,
brook valley, 1996; Mouchnice, brook valley, 1996; Jestiabice, Hradisko Hill, 1996; Jestiabice, Kyjovka River
valley, 1996; Bohuslavice, Hradisko Hill, 1996; Bohuslavice, orchard, 1992; Viesovice, brook valley, 1992;
Osvétimany, beech forest, 1992; Osvétimany, forest margin, 1992 Buchlovice, in the vicinity of Buchlov castle,
1987; Salas, Brdo Hill, 1987; Salas, place called Pod Brdem, 1987; Kostelany, roadside, 1985; Hodonin, in the
town, 1990; Hodonin, Dabrava forest, 1988.

Carex divulsa Stokes. Central Moravia: Uhercice, Horni les forest, 1996; E Moravia: HoleSov, castle park,
1961 Zaviel BRNM; Ondfejovsko, beech forest, 1927 Stanék BRNM; S Moravia: Bohuslavice, deciduous forest,
1960 F. Smarda BRNM; Mut&nice, Dolni Kapansko forest, 1992; Muténice, oak-hornbeam forest, 1999; Dolni
Bojanovice, Prostiedni Kapansko forest, 1992; Dolni Bojanovice, Zlodéjsky haj forest, 1992; Lednice, Lube§
gamekeeper’s house, 1990; Breclav, Kanci obora forest, 1990; Bfeclav, hard-wood floodplain forest, 1990;
Breclav, forest clearing, 1990; Bfeclav, oxbow, 1982; LanZhot, in the vicinity of Pohansko, 1990; Lanzhot, in the
vicinity of Barvinkovy hrad, 1990; LanZhot, in the vicinity of Dlouhy hrid, sand elevation 1990; LanZhot, in the
vicinity of the Cahnov reserve, 1994; LanZhot, hard-wood floodplain forest, 1995; SE Moravia: Sala§, Salaska
valley, 1987; Kunovice, Zapovéd forest, 1986; TvaroZna Lhota, Vrbecké rubanice forest, 1946 Miiller BRNU;
Stchovské Mlyny, oak-hornbeam forest, 1999; Javornik, Kamennd vrata Mountain, 1957 F. Smarda BRNM;
Vépenky-Lesna, beech forest, 1942 Stanék BRNM; Stary Hrozenkov, VI¢i Dil valley, 1931 Podpéra BRNU.



