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Correlations between morphological variability, chromosome numbers and habitat
conditions were studied in 31 populations of the Carex flava agg. in Bulgaria and Cze-
choslovakia. The following taxa were included: C. flava L. var. flava, C. flava var.
alpina KNEUCKER, C. lepidocarpa TavscH, C. tumidicarpa ANDERsS. and C. serotina
MgraT. Within and between population variability were compared in each taxon.
The main source of the variability of individual taxa is the intrapopulational variation
of large populations of the species that are not fully genetically isolated from each
other in the regions studied.
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INTRODUCTION

The Carex flava agg. has always presented taxonomic difficulties. Overlap-
ping ranges of morphological variation of the members of this group result
in the fact that they are hard to differentiate.

Despite a wide attention focused on this group by many northern and
western European botanists (WriNsTEDT 1936, 1945, 1947, SENAY 1950—51,
Davies 1953, 1955a,b, 1956, PALMGREN 1959, CRETIN et Brpauvrnt 1974,

NK 1979) details of the population variability within this group were only

adied in a rather limited territory of Switzerland, and published by ScamID
1980, 1982, 1983, 1984a, 1984b, 1986a, 1986b) in a comprehensive bio-
systematical work.

The present study is concerned with the population variability of Carex
Sflava L. var. flava, C. flava var. alpina KNEUCKER (sensu ScHMID 1983),
C. lepidocarpa TauscH, C. tumidicarpa ANDERSS. and C. serotina MERAT in
two comparatively remote regions, Bulgaria and Czechoslovakia. Up to now
in the Balkan Peninsula, this group has not been examined in detail, and in
Czechoslovakia morphological variation and distribution patterns of the
members of this group were investigated by one of the authors of this paper
(HavLickovA 1982, 1983). '

In studying the | «tterns of morphological variation, chromosome numbers
and ecology of the above taxa, the following problems were considered:
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Tab. 1. — List of the studied populations of the Carex flava agg.

s

No. Sites 2n
Carex lepidocarpa
1 Bohemia, pag. Lysd n. Labem: in prato uliginoso in reservatione 68
(686) ,.Hrabanovska ¢ernava‘‘ dicta.
2 Bohemia, opp. Mélnik, vic. Mélnicka Vrutice: in prato uliginoso in 68
(1113) reservatione ,,Polabské ¢ernava‘’* dicta.
3 Bohemia, opp. Revni¢ov, vic. Titice: in prato uliginoso in reservatione 68
(1114) ,.V bahnéch‘ dicta. ' .
4 Slovacia, montes Velk4 Fatra: in loco scaturiginoso in reservatione 69 (68)
(10) ,,Rojkov‘, ca 2 km situ or. a pag. Kralovany.
5 Bulgaria: in pratis humidis inter vicos Aleksandrovo, Manolovo et 68
(1264) Tarnichene.
Carex flava var. alpina
6 Bulgaria, montes Vitoga: in pratis h midis secundum viam turisticam 60
(1033) inter montem USite et casam alpinam Aleko.
7 Slovacia, montes Choéské vrehy: in loco scaturiginoso ad clivum montis 60
(71) Predny Choc¢.
Carex flava x C. serotina .
8 Bulgaria, montes Rila: in loco scaturiginoso, ca 300 m situ mer.-occ. 66
(1070) a pago Govedarei.
9 Bulgaria, montes Vito$a: in prato humido haud procul a statione viae 64 (66)
(1031) ferratae pensilis ,,Baj Krastju‘* super vico Dragalevci.
Carex flava x ?
10 Bulgaria, montes Rodopi oce.: in pratis humidis in loco ,,Rakovo dere'* 53
(1051) dictis, secundum viam publicam Dospat-Batak, ca 8 km situ mer. ab opp. Batak.
Carex flava var. flava
11 Bohemia, opp. Revnitov, vic. Titice: in prato uliginoso in reservatione 60
(1115) “V bahnach‘ dicta.
12 Bohemia, opp. Mélnik, vic. Mélnicka Vrutice: in prato uliginoso in 58
(48) reservatione ,,Polabska cernava‘ dicta.
13 Bohemia, opp. Pardubice, vic. Horni Redice: in prato humido ad ripam 60
(711) piscinae Mordyr.
14 Bohemia, opp. Rakovnik: in prato humido ca 3 km situ mer. a vico Racice, 60



15
(1032)
16
(704)

17
(989)

18
(700

Carex serotina
19

(1112)
29
(720)
23
(988)

24
(1041)
25
(1030)
26
(1008)

Carex tumidicarpa
27

9)

28

(972)

29

(722)

Bulgaria, montes Vitoga: in prato humido haud procul a statione viae
ferratae pensilis ,,Baj Krastju‘‘ super vico Dragalevci.

Bulgaria, montes Rodopi oce., opp. Batak: ad ripam rivi ca 1,2 km situ
oce. a casa alpina Beglika, haud procul a reservatione ,,Vasil
Kolarov*.

Bulgaria, montes Rila: in prato turfoso prope viam publicam inter pagum

Goverdarci et deversorium Maljovica, ca 2,5 km situ oce. -mer.-occ.

a pago Govedarei.

Bulgaria, montes Rodopi oce.: in pratis humidis ,,Rozenski livadi** dictis
secundum viam publicam inter pagum Progled et vicum Sokolovei.

Slovacia, opp. Kralovany: in loco scaturiginoso ad peripheriam oce.
pagi Rojkov.
Slovacia, opp. Komérno: in loco humido apud viam ferream prope

pagum Chotin.
Bohemia, opp. Mélnik, vie. Mélnické Vrutice: in prato uliginoso in

reservatione ,,Polabska cernava' dicta.
Bohemia: in loco humido ad peripheriam bor.-occ. pagi Reporyje.

Bulgaria, montes Rila: in prato turfoso prope viam publicam inter pagum
Goverdarci et deversorium Maljovica, ca 2,5 km situ occ.-mer.-occ.
a pago Govedarci.

Bulgaria, montes Sredna Gora: in pratis turfosis haud procul a pag. Klissura.
Bulgaria, Sofia: in prato uliginoso prope vicum Kazicene.
Bulgaria, montes Rodopi occ.: ad ripam lacus loco ,,Smoljanski ezera‘‘,

ca 6 km situ bor. ab opp. Smoljan.

Slovacia, montes Nizké Tatry: in loco humido in valle Raztockd dolina,
ca 300 m bor. a vico Liptovska Luina.

Bohemia, pag. Hostomice: in loco humido apud casam venatoriam Zaitor dictam.

Bohemia, montes Sumava: in loco humido, ca 400 m situ or. a statione
ferroviae Kubova Hut.

Carex flava x (C. flava x C. lepidocarpa)?

30
(1094)

Bulgaria, montes Rila, pag. Borovec: in pratis humidis secundum viam
publicam Belmeken — Borovec.

Carex flava x C. serotina

31
(984)

Bulgaria, montes Rila: in prato turfoso prope viam publicam inter pagum
Govedarci et deversorium Maljovica, ca 2,5 km situ oce.-mer.-oce.
a pago Govedarel.
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how a within-population variability and between-population variation
contribute to the overall variability of individual taxa,
2. possible differences in morphological variation between the populations
oceurring in two climatically different regions,
3. a correlation of morphological variation with habitat factors,
4. a correlation between chromosome numbers and morphology,
5. is there any apparent relationship between the extent of threat (of some
members of this group) and variation ranges of their characters?

MATERTAL

Morphological and karyological analyses were carried out on 31 populations. All the data were
taken from the plants growing under natural conditions. Localities and notes on habitat are
included in Tables 1 and 5. Phytosociological relevés were recorded at each locality using the
common Braun-Blanquet scale (Tabs. 6 —9).

KARYOLOGY

Methods

Chromosome counts were based on root tip mitoses of plants cultivated in the greenhouse
of the Botanical Institute, Sofia. The tips were fixed in Clarkés fixative (three parts of 96 Y
ethanol and one part of acetic acid) for 30 minutes, hydrolysed in IN HCI at 60°C for 40 minutes,
transferred into a mixture of ether and 1N HCI (equal proportions) for 10 minutes and stained
with hematoxylin at 60°C for 30 minutes. Root tips were squashed in 45 9, acetic acid, and the
squashes were made permanent by the quickfreeze method with COs.

The numbers of vouchers deposited in the private herbarium of Stoeva, Sofia, are given in the
Tab. 1 (in the brackets).

Results

In the material of the Carex flava group from Bulgaria and (‘zechoslovakia,
nine chromosome numbers were ascertained, forming an aneuploid series
containing the following somatic numbers: 2n = 53, 58, 60, 62, 64, 66, 68,
69, 70. All but one (2n = 69) have been found in the material from Bulgdl‘ld
whereas 2n = 58, 60, 68, 69, 70 occurred in the Czechoslovak material.

All the chromosomes are holocentric and very small. The longest of them
are 2—3 times longer than the shortest ones. Bulgarian populations from the
Rila Mts. (No. 30, No. 31) are exceptional in this respect: the plants posses
two very small chromosomes, much shorter than the longest ones within the
chromosome set (Fig. 1).

Carex flava L.

In this species (incl. two varieties — var. flava, var. alpina) the chromosome
number 2n = 60 is predominating, having been found in four Bulgarian and
four Czechoslovak populations. The same chromosome number was S ascertain-
ed in the material from C. Slovakia (Liptovska Luzné, cf.SToEvA et STiEPAN-
KOVA 1988). This number is in agreement with most of the data given in the
literature under the name C'. flava (cf. Davies 1955b, 1956, ScHmID 1982).
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The number 2n = 58 was also established in the material from both
regions. It is in accordance with the results of ScamID (1982).

Furthermore. C. flava var. alpina is reported to have 2n = 60 in Bavaria,
Italy and Yugoslavia (Scamip 1982).
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Fig. 1. — Metaphase in root-tip meristem, — A: Carex flava < ?, 2n = 53. — B: C. flava x C.

serotina, 2n = 66 + 2. — C: C. flava x (C. flava x C. lepidocarpa), 2n = 60 - 2. Scale = 2 pm.

Carex lepidocarpa TAuscH

The number 2n = 68 has been ascertained in all the populations examined,
four from Czechoslovakia and one from Bulgaria.

However, in the population No. 4, 2n = 69 was found to be more frequent
than 2n = 68; this latter number was also revealed in the material from Lip-
tovska Luzna (STOEVA et STEPANKOVA 1988).

The former chromosome number seems to predominate in Great Britain,
Sweden and Switzerland (cf. ScHMID 1982).
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Carex tumidicarpa ANDERSS.

The plants from Czechoslovakia proved to have 2n = 70, which is in a
good agreement with the data given in the literature (cf. ScaMID 1982).

Carex serotina MERAT

Six populations, three Bulgarian and three Czechoslovak, were studied
karyologically. All the Bulgarian populations proved to have 2n="70, in one
of them (No. 26) 2n=68 was also found. Similar pattern is involved in the
Czechoslovak populations, two populations having 2n=60, and one possesing
2n="70. The latter chromosome number is in good agreement with the lite-
rature data (for review see Scumip 1982). According to ScHMID 2n="70 pre-
dominates in Sweden, Great Britain, Iceland, Switzerland and France. The
lower number, 2n=68 was reported by ScHmip (1982) from Austria and
Switzerland.

Hybrid populations

Five additional chromosome numbers were found to occur in the Bulgarian
hybrid populations of the C. flava parentage, viz. 2n=>53, 62, 64, 66 and 68.
2n=>53 represents an exceptional number only found in sterile plants at
Rakovo dere, the W. Rhodopi Mts. (No. 10). The karyotype of the 2n—62
plants is characterized by a pair of dwarf chromosomes. (We suppose that
plants of this populations (No. 30) represent backcrosses C. flava x (C.
flava x C. lepidocarpa). In the population 9 (C. flava x C. serotina) 2n—=64
was predominating, whereas 2n=66 Occuned relatively mrel) both cyto-
types growing in the vicinity of a 2n=60 population (No. 15). In two Bulga-
rian populations (Nos. 31, 8) we established 2n=66. Some roots of the first
population had 2n=68, but two of the chromosomes were very small (see
Fig. 1).

In Czechoslovakia, hybrid populations were examined at a selected
locality in the Nizké Tatry Mts., C. Slovakia (SToEvaA et STEPANKOVA 1988).
A series of hybrid plants intermediate between the parent species, C. flava,
C. lepidocarpa and C. tumidicarpa, was ascertained. A similar series of chro-
mosome numbers 2n=63, 68 and 69 was found, too.

RESULTS OF MORPHOLOGICAL ANALYSIS

Methods

Numerical analyses are based on 30 populations (900 plants). On the basis of the statistical
analyses of 37 characters (HavLi¢kovA 1982), nine quantitative characters were selected (Tab.
2). Between and within population variation was computed using univariate statistical analysis
in order to asses a contribution of each character to the distinctiveness of each population.

The overall variation pattern was obtained by cluster analysis using PC — Ord programme
(McCu~e 1987).
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Fig. 2. — Breadth of leaves, arithmetical means (horizontal lines) and -+ standard deviations
(vertical lines) for each population (left up).
Fig. 3. — Breadth of bracts leaf-like, arithmetical means and 4 standard deviations for each
population (right up).
Fig. 4. — Length of perigynium, arithmetical means and - standard deviations for each po-
pulation (left below).
Fig. 5. — Length of perigynium beak, arithmetical means and -+ standard deviations for each

population (right below).




Tab. 2. — Characters used in the analyses (mm)

Breadth of leaf

Breadth of bract

Length of sheath of bract
Number of female spikes
Length of female spikes

Length of male spikes
Length of perigynium
Breadth of perigynium
Length of perigynium beak

O O
©wa®

Morphological variation of characters

A survey of results of statistical analysis of populational variability in
each character is given in Tab. 3. Four most important and most frequently
employed traits are documented by graphs (Figs. 2—5).

Position of taxonomically obscure or hybrid populations (versus the “pure”
parental ones) may be (malb sed on the graph — Fig. 6.
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Fig. 6. — Comparison of the nine taxa of Carex flava — group, based on — A: breadth of leaves
— B: length of perigynium. 1 — C. lepidocarpa, 2 — C. flava var. alpina, 3, 4 — C. flava x C
serotina, 5 — C. flava % 1,6 — C. flava var. flava, 7 — C. serotina, 8 — C. tumidicarpa, 9 — C.
flava x C. flava x C. lepidocarpa.

(The box together with the vertical line cover the middle 75 9, of the data values, the box contains
the central 50 9, of the values. The individual points represent the remaining extreme values.
The'width of the box corresponds to the square root, of the number of observation in the data set,
the central line is at the median. The notch of the box is proportional to width of the confidence
interval for the median. The confidence level on the notches is set to allow pairwise comparisons
to be performed at the 95 9, level by examining whether two notches overlap).

Tab. 3. — Statistical characteristics for each measured character. (The first line — mean, the
second line — variance)

Pop. Characters
No. 1 2 3 4 5 6 7 8 9
1 2,2 1,4 2,8 2,2 10,7 15,9 4,1 1,6 1,5
0,75 0,15 3,14 0,16 1,80 9,20 0,16 0,01 0,06



Tab. 3. — (continued)

2 28 1.4 2.6 2.6 13,0 17,0 4,6 187 1,3
0,22 0.21 2,43 0,45 2,03 8,17 0,13 0,05 0,03
3 25 1.1 3.0 2.1 11,4 17,2 4,0 1,6 1,0
0.18 0.19 2,16 0,23 1,49 10,14 0,08 0,03 0,01
4 21 1.0 2,2 2,0 10,8 15,6 4,0 1,6 1,3
0.18 0,13 2,09 0,24 1,36 6,73 0,22 0,04 0,04
5 23 1.9 3,0 2,0 10,4 10,2 4,2 1,5 1,2
0,07 0,06 1,35 0,20 0,52 1,33 0,08 0,01 0,01
6 2.3 2,0 2,0 2,2 8,3 8,3 4,04 1,5 1,5
0,05 0,03 0.12 0,16 1,16 3,73 0,51 0,01 0,01
7 24 2,0 1.9 2.2 9,13 9,0 4,25 1,5 1,5
0,06 0,08 0,12 0,14 1,22 2,10 0,03 0,01 0,01
8 22 1.6 2.2 3.3 9.8 13,9 3.8 1.4 0,9
0,06 0,05 1.03 0,42 2,87 9,09 0,03 0,01 0,01
9 2.1 1.9 2,0 2.8 8,5 11,9 3,4 1,4 0,9
0,05 0.08 0,32 0,28 0,80 4,18 0,01 0,01 0,01
10 2.3 2.1 2.8 2.5 9,7 11,2 4,3 1,5 1,7
013 0,16 1,14 0,26 0,56 2,99 0,04 0,01 0,02
11 28 2.0 2,0 3,0 11,1 12,4 4,9 1,5 1,8
0,32 0,21 0,78 0,34 1,43 2,46 0,07 0,03 0,0
12 2,9 1.9 2,2 2,6 10,7 11,4 4,9 1,7 1,84
0,25 0,12 1,28 0,37 1,51 9,36 0,08 0,04 0,05
13 28 1,9 2,0 2.4 12,2 14,4 5,7 1,9 1,9
0,31 0.10 1,03 0.25 5,08 5,08 0,18 0,02 0,04
14 3,2 2,1 2,0 2,9 12,3 12,9 5,0 1,8 2,1
0,19 0,26 1,45 0,45 1,44 4,27 0,08 0,01 0,02
15 3.0 2,2 1.4 3,0 10,2 11,3 4,4 1,6 1,7
0,35 0,16 0.40 0,21 1,77 5,54 0,07 0,01 0,04
16 3,5 2.6 2,1 3,2 11,3 12,3 4,5 1,5 1,8
0,44 0.31 1,77 0,30 1,40 4,41 0,11 0.01 0,04
17 2.6 2,0 2,1 2,8 10,1 11,1 4,9 1,4 1,8
0,09 0,11 2,14 0,35 1,35 3,86 0,06 0,02 0,03
18 3,0 2,4 3,1 2,8 11,1 12,1 4,6 1,9 18
0,19 0.31 1,33 0,35 1,67 6,57 0,71 0,30 0,07
19 1.4 1,1 2,3 2,7 6,7 9,1 2,6 1,2 0,06
0,10 0,09 2,73 0,25 0,76 2,02 0,02 0,34 0,01
20 1,6 1.4 3.1 3,4 7,2 7.9 2,6 0,9 0,5
0,10 0.38 1.73 0,59 0,76 1,58 0,03 0,01 0,01
21 1,6 1.5 3,3 2.8 7,5 10,0 2,7 1,2 0.6
0,06 0,13 2,77 0,35 1,29 5,93 0,04 0,01 0,01
22 14 1,1 2.7 3,6 7.1 7,0 3,0 1,2 0,6
0,04 0.06 2,50 0,58 0,47 1,17 0,04 0,01 0,01
23 1,6 1.1 3,0 3,2 6,8 9,1 2,6 1,1 0,5
0,09 0,11 4,86 0,35 0,39 5,88 0,0: 0,01 0,01
24 1,7 1,5 3,2 3,6 8,2 8,8 2,6 1,3 0,5
0,14 0.15 4,08 0,37 1,70 4,02 0,03 0,02 0,01
25 1,6 1.5 3,0 3,4 7.8 12,0 2,8 1,2 0,6
0,18 0,09 1,96 0,46 1,10 8,06 0,09 0,01 0,01
26 1,5 1,3 313 2,8 7,5 11,2 2,5 1,2 0,5
0,07 0,12 4,05 0,44 1,70 7,35 0,02 0,01 0,01
27 2,1 1.4 2,6 2,6 10,1 15,2 3,6 1,4 1,2
0,06 0,10 0,75 0,22 1,05 3,90 0,01 0,01 0,01
28 2.6 2,3 3,2 3,5 10,3 13,1 3,5 1,4 1,1
0,29 0,12 1,37 0,39 1,33 10,62 0,03 0,01 0,1
29 3,0 2,7 2,4 3,3 10,6 13,8 4,0 1,5 1,2
0,13 0,23 0,72 0,24 0,92 6,41 0,01 0,01 0,01
30 2,7 1,9 2,3 2,2 11,6 16,6 5,2 1,5 2,0
0,14 0,10 0,63 0,18 1,22 3,06 0,12 0,02 0,04




As a criterion of plasticity of a character within a population, variance
values were taken. In all the populations examined, the length of basal
bract sheath and length of male spikes were found to be the most variable
characters (cf. Tab. 3). On the other hand, lowest variance values were
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Fig. 7. — Plots obtained from results of ANOVA.

A — breadth of leaves of populations of C. flava var. flava, B — breadth of leaves of populations
of C. serotina, C — length of perigynium of populations of C. flava var. flava, D — length of peri-
gynium of populations of C. serotina.
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ascertained in the perigynium features. At the same time, the greatest taxo-
nomic value is accorded to these latter characters. This high importance was
also confirmed by means of multivariate analyses of the whole character set
(see HAavLICKOVA 1982).

One-way analysis of variance was employed (using F-values) to find how
populations within a given taxon differ in morphological variability. F-values
and significance levels of the differences in individual characters are sum-
marized in Tab. 4. The populations were significantly different in nearly all
the variables tested. On the basis of ANOVA, the graphic plots clearly showed
the fact that, within a given species, no character allowed to find two morpho-
logically distinct groups for Bulgarian and Czechoslovak material, respect-
ively (see Fig. 7).

By means of one way ANOVA, we have studied how a within-population
variability and between-population variation contribute to the overall
variability of individual taxa. It can be shown that the proportion of varia-
tion within populations is higher than that among a set of populations. Tab.

4 shows a percentage of within-population variation in the overall rariability
of the given taxon. It is obvious from this Table that there are certain differ-
ences between the values of vegetative characters and the generative ones.

Tab. 4. — Results of analysis of variance. First number in column — F value, *P < 0,05, *+P <
0,01, ns = not significant at P = 0,05; second number — variance within populations (Y, in
overall variance of each taxon)

Species flava var. flava lepidocarpa tumidicarpa serotina
Character d. f. 7,232 d. f. 4,145 d. f. 2,87 d- f. 7,232
+
1 8,1+ 85 13,3+ 80 38,6%+ 90 3,9+ 65
9 10,4+ 80 24,94+ 179 81,2++ 80 8,7+ 60
3 3,9++ 90 1,6ns 85 5,4t 88 0,9ns 77
4 5,7t+ 85 6,24+ 85 20,8++ 67 9,7++ 77
5 10,1++ 73 22,61+ 62 1,90 95 7,6++ 81
6 6,81+ 82 34,61+ 58 4,7t 90 18,3+* 64
7 25,9+ 56 25,97+ 58 40,17+ 52 14,7+ 74
8 40,37+ 51 6,6+ 69 6,24+ 64 19,6++ 72
9 10,3+ 65 30,2+ 56 22,87+ 64 3,8++ 92

When percentage of the within-population variation is compared between
two groups of characters that are only weakly correlated to each other, the
following conclusions are reached (w1dth of leaves [1] and bract width (2]
were selected as representatives of strongly ecologically influenced vegetative
features, and perigynium length and beak length [7, 9] as strongly genetically
fixed generative features, much more independent of environment).

Whereas in C. flava, C. lepidocarpa and C. tumidicarpa the proportion of
intrapopulational variability is higher for the vegetative features (on
the other hand, the ratio between inter- and intrapopulational variation for
the perigynium features approaches unity), a contrary situation was found
in C. serotina. More significant inter- population differences were found in
vegetative features for this latter species (very likely due to higher habitat
differences between the studied localities of the populations of it), while in
the perigynium features, intrapopulational variability clearly predominates.
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However, ScamiD (1984b, 1986a) arrived at divergent conclusions: “The
most r-selected taxon of the group, C. viridula ssp. viridula (= C. serotina)
has indeed the lowest genetic variability within population but, in ecologic-

ally important characters, expresses the highest plasticity” (ScHMID,
1984b : 1).

Results of cluster analysis

Cluster analysis was performed using Ward’s method as the criterion for
the fusion of cluster. Ward’s method attemps to find a set of clusters with
the minimum total within cluster variance.

As is evident from Fig. 8, the most striking feature of the overall pattern
is the exclusive isolation of the set of populations of C'. serotina. The popu-
lations of the C. flava var. flava also cluster well in a very wide cluster A
(see Fig. 8) together with two populations of C. tumidicarpa. A set of po-

Tab. 5. — Habitat characteristics of sites of studied populations.
Locality Altitude  Slope pH Ca2+ Plot Cover Taxa
Relevé m s.m. aspect (H20) (%) area (m2) (%)
1 180 O 7,1 4,2 14 90 C. lepido-
2 180 (0] 8,2 3,6 14 90 carpa
3 430 N 6,4 5,6 10 85
4 450 N 8,3 13,2 13 90
5 420 O 6,5 2,6 14 70
6 1850 0 5,2 0,3 5 90 C. flava
7 950 E 7,8 9,3 9 80 var. alpina
8 1200 NNW 5,4 0,0 12 70 C. flava x C.
9 1350 N 5,6 0,1 10 75 serotina
10 1600 O 5,1 0,0 12 75 C. flava x 1
11 430 N 6,4 0,5 12 90 C. flava
12 180 0 8,3 3,6 12 85 var. flava
13 240 O 6,5 0,7 10 85
14 420 N Tl 0,8 10 95
15 1350 N 5,3 0,3 10 85
16 1600 SE 5,9 0,7 9 80
17 1300 NNW 5,8 0,1 10 80
18 1600 NNW 5,6 0,3 9 90
19 450 0 8,3 13,2 13 60 C. serotina
20 120 0 8,3 4,1 14 60
21 180 0 8,1 2,6 10 65
22 320 0 8,0 4,1 14 55
23 1250 NNW 5,6 0,1 12 65
24 960 NW 6,2 0,1 6 75
25 550 O 6,9 2,1 8 70
26 1520 NNE 4,7 0,0 12 55
27 850 S 6,3 0,1 12 85 C. tumidicarpa
28 580 NwW 5,9 0,0 12 80
29 950 SW 5,4 0,0 10 85
30 1350 NE 6,2 1,0 12 90 C. flava x (C.
flava x C. lepi-
docarpa)
31 1250 NNW 5,6 0,1 12 65 C. flava x (C.
serotina)
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Fig. 8. — Cluster analysis, Ward’s method. (fl = Carex flava var. flava, a = C. flava var. alpina,

le = C. lepidocarpa, se = C. serotina, tu — C. tumidicarpa, {ffl = C. flava x (C. flava
docarpa), fxs = C. flava x C. serotina, fx? = C. flava x 7).

x C. lepi-
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Tab. 6. — Phytosociological relevés with the Carex flava L. var. flava, C. flava var. alpina KNEUCKER and hybrids C. flava L. var. flava x C.
serotina MERAT and C. flava L. var. flava x (C. flava L. var. flava x C. lepidocarpa TAUSCH).

Relevé 11 12 13 14 7 6 15 16 17 18 10 30

E;

Carex flava L. var. flava 1
Potentilla erecta (L.) RAUscHEL -
Carex echinata MURRAY : 3
Carex nigra (L.) REICHARD . - 1
Carex panicea L. . 1 +
Galivm uliginosum L. + r
Juncus effusus L. -

Parnassia palustris L.

Prunella vulgaris L. + .
Carex canescens L. . . + . . 1 ;
Deschampsia cespitosa (L.) BEAUV. . . 1 . . ; 1
Juncus articulatus L. s
Mentha arvensis L. 1 + : 5 . i .
Molinia caerulea (L) MOENCH i—2 1 1—2 . g 5 : : 5 1
Ranunculus acris L. . : 1 ’ . . +
Agrostis stolonifera L. . . : : +

Cynosurus cristatus L. . : . . . s 5 1 . 4
Equisetum palustre L. 1 3 . 1

Eriophorum angustifolium HONCKENY : .
Eriophorum latifolium Hoppre - - 1 o . 1 .
Geum rivale L. < : . 5 . . . 1
Lathyrus pratensis L. , : . -+ . 1 :
Myosotis nemorosa BESSER 5 - : 5 1 . 1
Scirpus sylvaticus L. 5 . : 1-2

Swuccisa pratensis MOENCH . 1 + . - . . . . . . .
Trifoliwm pratense L. < . . . ; . . 1 . 5 1 1
Alchemilla crinita BusEp : . . 5 ; : :
Alchemilla monticola Oriz ; ‘ . . . : + y
Leontodon hispidus L. 5 5 . 8 v " . +—1
Lychnis flos-cuculi L. + .

Mentha longifolia (L.) HunsoN . 1 . . 5 : ; . . . .
Myosotis orbelica VELEN. " . . . . . . . 1 . +
Nardus stricta L. v : ‘ . . ; A ’ s + 1
Orchis morio L. . . . - - . s - 1

Lol S

s

-
w1
R

o=

A s

,..‘}" »—4++lo_|—-
[Q+.

+F
o ettt ]
= +.
_i._
|
~ +
e

L
[V
(85

—t .

C A+t
—t



gI

Phragmaites australis

(Cav.) TRIN. ex STEUDEL
Pinguicula vulgaris L.
Plantago lanceolata L. . . X 4
Polygonum bistorta L. . . } +
Sangwisorba officinalis L. 1
Soldanella sp. . . .
Trifolium repens L. : : . :
Tussilago farfara L. 5 . . .
Vicia cracca L. 3 . . 1 3 1
Anthoxanthum odoratum L. ; . . X .
Caltha palustris L. . . : . 1 . . .
Cardamine opizit J. PRESL et C. PRESL . ; . . 1 . . 1
Carex davalliana SM. 2 1 1 . .
Carex flava var. alpina KNEUCKER . ; . . 1 .
Cirsium palustre (L.) Scop. . . . 1 . . 1 : : o
Crepis paludosa (L.) MoENCH : ° . 5 1 . : - . 1
Cructata laevipes OPiz . : . . : : . +
Epipactis palustris (L.) CrRaNTZ : 2 1 . : ; 1
Equasetum fluviatile L. . . 5 . . + . : :
Festuca rubra L. s.1. . : : : : . 1 . o
Galium palustre L.
Gentiana pnewmonanthe L.
Gymnadenia conopsea (L.) R. Br. . . . . . : o 5
Holcus lanatus L. . . : . . . . . . + 1 .
Hypericum perforatwm L. . +—1 . . . -+

o

[ S

St
CF
. -

B

Species occurring in one relevé only: 11: Carex paniculata L. 2; Carex rostrata STOKEs 1; Leucanthemum vulgare Lam. 1; Luzula multiflora (EHRH.)
LEs. +; Lythrum salicaria L. 1; Viola palustris L. +; 12: Carex hosteana DC. 1—2; Carex serotina MERAT 1; Triglochin palustre L. +; 13: Ca-
rex hartmanii CATANDER 1; Scutellaria galericulata L. + —1; 14: Hypericum maculatum CrRANTZ 1; Valeriana dioica L. +; T: Eleocharis quinque-
flora (F. K. HARTMANN) O. ScHWARzZ 1; Listera ovata (L.) R. Br. +; 6: Leucorchis albida (L.) E. MEYER + —1; 15: Carex ftava L. var. flava x
C. serotina MERAT 1; Luzula sp. (sect. Alpinae CHRTEK et KRisa) +; 16: Adjuga genevensis L. +; Briza media L. +; Calamagrostis epigejos (L.)
Rota 1; Carex hirta L. 1; Euphorbia amygdaloides L. 1; Fragaria vesca L. -+ ; Luzula luzuloides (LaM.) DANDY et WrLMmoTT 1; 17: Bruckenthalia
spiculifolia (SAL1SB.) REICHENB. -+ ; Drosera rotundifolia L. + —1; Ranunculus flammla L. 1; 18: Carex leporina L. + —1; Carex pallescens L.
1; Primula elatior (L.) HiLn +; Trifolium spadiceum L. 1; 10: Carex flava L. var. flava x ? 1; Lycopus europaeus L. 1; 30: Dactylorhiza maculata
(L.) So6 1; Juncus inflexus L. 1; Veronica beccabunga L. 1.




pulations of €. lepidocarpa is amalgamated together with the remaining
populations in the taxonomically heterogeneous subcluster Aa.
Now a few aberrant populations should be mentioned: The population 30

Tab. 7. — Phytosociological relevés with Carex serotina MERAT and the hybrid C. flava L. var.
flava x C. serotina MERAT.

Relevé 19 20 21 22 23 24 25 26 8

Carex serotina MERAT 1 2 1—-2 2 2-3 1

Carex echinata MU RAY N 1 . V 1 & 5 1 1

Prunella vulgaris 1. : 1 1 ;

Lotus corniculatus Li. 1 . 8 1 1

Carex panicea 1. . . : 1

Juncus articulatus L. o . ’ 1

Molinva caerulea (1..) MoENCH 1-2 . 1 . . . 5 1

Mpyosotis orbelicn VELEN. ‘ . : - 1 !

Trifolium pratense L.

Agrostis stolonifera L.

Blysmus compressus (L..) . . . . . 1-:
PANZER ex LinNk

Carex distans 1..

Carex leporina L. ; +

Carex pallescens 1.. 5

Jentaurium uliginosum (WALDST. + =[T
et Kit.) BECck ex RONNIGER

Daucus carota L. -+ -+

Festuca rubra L. s. 1. N . : . . 1

Holcus lanatus 1.. . y . : . 1

Juncus effusus L. . : : . 2

Leontodon autumnalis 1.. g + : L

Lycopus europaeus L.

Mentha arvensis 1.. . . 4

Phragmites australis (Cav.) . | 1
TRIN. ex STEUDEL

Potentilla erecta (1..) RAUSCHEL . . 5 " 1 ; ; 5 i

Rhinanthus minor L. 5 . . . 5 + . r .

Trifolium repens L.

[ ——

ISR
<]

o
o

Species occurring in one relevé only: 19: Epipactis palustris (L.) CraxTz 1: Euphrasia rostho-
koviana HAYNE +; Plantago major L. + —1; Poa compressa L.+ ; Primula farinosa L. + —1;
Tofieldia calyculata (L.) WAHLENB. -+ — 1; T'rifolium montanum L. + ; 20; Achillea millefolium
L. +; Centaurea jaceu Li. 1 —2; Eriophorum latifolium HorPE -+ ; Linum catharticum L. + : Pasti-
naca sativa L. 1; Potentilla anserina L. + ; Tetragonolobus maritimus (L..) Roru 1; Colobium tara-
zacoides (Vi) HoLuB 1; 21: Calamagrostis arundinacea (1..) Roru 1; Carex flacca SCHREBER 1;
Carex flava 1. 1; Carex hirta .. | ; Carex hosteana DC. 1—2; Carex lepidocarpa Tauscn 1; Clir-
sium oleraceuwm (L.) Scor. 1-—2; 22: Hquisetum arvense. L. 1; Odontites verna (BELLARDT)
Dumort. 1; Ranunculus acris L. -+ : Trifoliwm fragiferum L. 1: Tussilago farfara L. 1; 23: Drosera
rotundifolia L. -+ ; Juncus conglomeratus L. 1; Pinguicula vulgaris L. 1; Succisa pratensis MOENCH
1; 24: Anthoxanthum odoratum L. + ; Cynosurus cristatus L. 1; Deschampsia cespitosa (I..) BEAUV.
1; Euphrasia illyrica WeTTST. 45 Myosotis caespitosa C. F. Scuuvnrz + — 1; Rumex acetosa L. 1;
Silene ciliata PourR. + — 1; T'rifolium badium SCHREBER + — 1; 25: Caltha minor MivL. 1; Kleo-
charis quinqueflora (F. K. HARTMANN) O. SCHWARZ 2; Kleocharis palustris (L..) ROEMER et SCHUL-
TES 2; Mentha pulegium Li. +; Menyanthes trifoliata L. 1; Ranunculus repens L. 1; 26: Cirsium
waldsteinii Rouy 1; 8: Carex flava L. var. flava x C. serotina MERAT 2; Epilobium parviflorum
SCHREBER 1; Galium uliginosum L. +; Holcus mollis L. 1; Mentha longifolia (L.) Hupsox 1;
Scirpus sylvaticus L. 1;
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contains fertile plants with 2n = 62, morphologically intermediate between
C. flava and C'. lepidocarpa. We suppose that the population 30 might re-
present a case of so called “cryptic backeross™ C. flava x (C'. flava x C. lepi-
docarpa) (sensu ScHMID 1982). This population is associated with the po-
pulation 10, which is rather unclear taxonomically. It has proved to have
2n = 53, the plants being sterile (to a relatively hlgh extent), and in general
appearance, approac ‘hing hybrids involving C. flava in their parentage. This
pair of populations is connected with its nearest neighbours (populations of
the (. flava var. alpina) in the dendrogram at low similarity level. This amal-
gamation of two taxonomically different samples in this cluster analysis
can be accounted for by the fact that neither qualitative characters nor bio-
logical features (e. g. sterility) were included in the data.
This is very likely the reason why populations 8 and 9 (hybrids between
C. flava and C. serotina) are found in one subcluster with population 27
(C. tumidicarpa).

DISCUSSION

Results of statistical and multivariate analyses showed that no significant
morphological difference can be found between the Bulgarian and Czecho-
slovak populations within the individual species of the Carex Sflava agg.
However, differences have been ascertained concerning the habitat character-
isties.

The localities of Carex flava (including var. alpina) fall the height span
of 180 to 1800 m a. s. 1., all the Bulgarian sites being above 1300 m (Tab. 5).
Results of the soil samples analyses (Tab. 5) have also shown differences in
pH values and the Ca2+ contents. The (zechoslovak samples exhibit higher
values of both characteristics. Scumip (1984a), in a thorough study of the
C. flava group in Switzerland, found the pH range almost identical to that
ascertained by us (our results: pH 5,2—8,3 versus 5,15—8,1 in the Schmid’s
work).

In order to illustrate the vegetation with Carex flava, phytosociological
relevés were recorded at each locality (Tab. 6). In accordance with higher pH
and Ca?t values, the relevés from Czechoslovakia include a higher number of
species typical for calcareous grasslands (e. g., C. lepidocarpa, C. hosteana,
Epipactis palustris, Eriophorum latifolium, Tofieldia calyculata).

Similar differences in the environmental factors were found in the case of
C. serotina. While in Czechoslovakia this species is distributed mainly from
lowlands to the submontane belt, in Bulgaria it is most frequently met with
in the mountains (for instance, it has been collected in the Vitosa Mts., at
the altitude 2200 m). Carex serotina is characterized by a wide ecological
amplitude, which answers to wide pH and Ca?* ranges documented in Tab. 5.
Again, the higher values occurred in the samples from Czechoslovakia.
ScHMID (op. c.) gives the pH range of 6,30—8,18 for C. serotina from alti-
tudes between 285 and 1030 m, while our measurements formed a wider
amplitude (4,7—8,3). Floristic composition of the vegetation with C. serotina
is recorded in Tab. 7. Lower cover values (see Tab. 5) can be considered as
a typical feature of these communities. ScHMID (1984a : 113) suggested this
fact to be in agreement with the life history of C. serotina; he arrived at the
conclusion that the life cycles of the members of the Carex flava group “can
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be placed along the r-K continuum in the order wiridula, brachyrrhyncha,
alpina and flava. Along this continuum the habitat requirements change from
open to moderately close‘.1)

Only one population of C. lepidocarpa was available from Bulgaria. The
pH and Ca2+ values found at this locality fall within the range ascertained
in Czechoslovakia. ScEMID (op. c.) published identical pH amplitude for
this taxon. Phytosociologically, the vegetation with Carex lepidocarpa
belongs to the alliance Caricion davallianae in Czechoslovakia. A detailed
analysis of the ecological condition at the Bulgarian locality is given in a
paper by JorpaNov et al. (1975). In addition to C. lepidocarpa the following
species were recorded there: Cladium mariscus, Carex acutiformis, C. echi-
nata, C. migra, C. panicea, C. paniculata, C. serotina, Eleocharis palustris,
Eleocharis pauciflora, Eriophorum latifolium, Schoenus nigricans var. inter-
medius, Triglochin palustre.?)

Carex lepidocarpa represents a strongly endangered species in Bulgaria and
Czechoslovakia. It is due to its almost exclusive occurrence in calcareous gras-
slands (often in lower altitudes). This type of habitat disappears very fast,
which is a result of changing methods and intensification of farming.

Carex tumidicarpa follows C. flava in the distribution frequency in Cze-
choslovakia. It has not been recorded in Bulgaria. For the sake of comple-
teness, three populations were analysed from Czechoslovakia. C. tumidicarpa
occurs from the hill belt to the submontane belt, its common habitats being
peaty meadows on silicate substrates, in the montane belt, it is also met with
in peat-bogs (HAvLI¢KOVA 1983).

1) Scumip (1983) published a taxonomic and nomenclatural revision of the C. flava group in
Europe, presenting an original biological species concept for the group. This new conception
is mainly based on karyology and hybridization of Swiss representatives of this group. The species
rank is retained for C. flava and C. viridula (= C. serotina), whereas the other taxa are accorded
lower status.

In the course of our studies in Bulgaria and Czechoslovakia we have arrived at rather different,
results, suggesting that the rank of species answers better to the relationships within the group.
In Bulgaria and Czechoslovakia, the following species are recognized, C. flava var. flava,
C. flava var. alpina, C. lepidocarpa, C. tumidicarpa (only in Czechoslovakia) and C. serotina,
which, respectively corresponds to C. flava var. flava, C. flava var. alpina, C. viridula subsp.
brachyrrhyncha, C. viridula subsp. oedocarpa, and C. viridula subsp. viridula in the Schmid con-
ception.

2) During revision of the distribution of C. lepidocarpa in Bulgaria, it became clear that there
is a discrepancy between the data from literature and the herbarium material. The distribution
of C. lepidocarpa (as C. flava ssp. lepidocarpa) is characterized as “widespread” in the Flora
of Bulgaria (Jorpaxov 1964), while C. flava is reported to be confined to two regions. This
is predominantly based on the work of Acurarov (1957). The main herbarium collections con-
sulted by Achtarov were those of SO, SOA, SOM. After revising these herbarium collections, we
have reached a contrary conclusion. C. flava is a cor mon species in Bulgaria, particularly in the
mountains, whereas C. lepidocarpa is found much less frequently. Many of the Achtarov localities
of C. lepidocarpa refer in fact to C. flava. In the herbarium material the following localities of
C. lepidocarpa were only ascertained: Sofijsko, Vasilovei (ca 400 m a.s.l.); Sipéenska planina,
Usana; Samokov: Prodanovei and Chrelovo (ca 1000 m); Pirin, meadows below Razlog (ca 1100
m). VELENOVSKY (1881) gives C. lepidocarpa also from the calcareous grasslands along the Marica
river at Sadovo. We have visited the Vasilovei and the Sadovo localities but we failed to find
suitable habitats for this species in both strongly agriculturally changed regions. At Usana and
Razlog we found only C. flava var. flava.
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Tab. 8. — Phytosociological relevés with Carex lepidocarpa TAUscH

Relevé 1 2 3 4

Es
Salixz rosmarinifolia L. 1
E;
Carex lepidocarpa TAUscH
Carex hosteana DC.
Carex panicea L.
Molinia caerulea (L.) MOENCH
Potentilla erecta (L.) RAUSCHEL
Agrostis stolonifera L. + ; +
Briza media L. +
Carex davalliana SM. 5 .
Carex rostrata STOKES 2 . 2
Cirsium palustre (1..) Scor. + . L
Epipactis palustris (L.) CRANTZ
Equisetum palustre L.
Ertophorum latifolium Hoprrr :
Galium uliginosum L. r
Juncus conglomeratus L. .
Lythrum salicaria L. 1
Mentha arvensis L. =
Phragmites australis

(Cav.) TRIN. ex STEUDEL
Prunella vulgaris L. . . + 1
Succisa pratensis MOENCH +—1 1 . .
Valeriana dioica L. + . . 1
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Species occurring in one relevé only: 1: Centaurea jacea L. 1; Galium verum L. 1; Juncus subnodu-
losus SCHRANK 1; Linum catharticum L. --; Parnassia palustris L. +; Schoenus ferrugineus L.
2; 2: Carex flava L. 1; Carex serotina MERAT 1; T'riglochin palustris Li. 1; 3: Carex echinata MURRAY

t-; Cirsium oleraceum (L.) Scor. 1; Juncus articulatus L. 4 ; Lychnis flos-cuculi L. 1 —2; Tussilago
Sfarfara L. 1; 3: Agrostis capillaris L. +; Crepis paludosa (1..) MorNcH +; Pinguicula vulgaris
L. +; Primula farinosa L. 1; Tofieldia calyculata (L.) WAHLENB.

This is in accordance with low pH values and particularly, a negligible cal-
cium contents in the soil samples from the localities of C'. tumidicarpa. Almost
identical pH range was found in Swiss localities of this species.

It follows from the comparison of the habitat factors variation that di-
versity of environmental factors between sites of the populations studied
gradually decreases in this order: C. serotina, C. flava, C. tumidicarpa and
C. lepidocarpa. At the same time, C. lepidocarpa and C. tumidicarpa are
ecologically most distinet from each other within the C'. flava complex.

The results of CA and ANOVA have shown, that variability of macro-
environmental factors (such as altitude, pH and Ca2+ values, macroclimatic
differences) are only weakly correlated with the morphological variability
of the populations. For instance, populations 26 and 21 are the closest
neighbours within the C. serotina cluster, but they come from highly different
habitats, similar situation is found in the case of Nos. 20 and 23. Likewise
populations Nos. 12 and 17 sampled at the localities differing considerably in
the altitude and soil calcium contents were very close morphologically within
C. flava var. flava.
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Tab. 9. — Phytosociological relevés with Carex tumidicarpa ANDERSS.

Relevé 27 28 29
E]
Carex tumidicarpa ANDERSS, 2 3 1
Carex panicea L. + -+ 1
Prunella vulgaris 1. -+ 1 a8
Agrostis stolonifera 1.. 1 2 .
Anthoxanthum odoratum 1.. 1 ’ r
Carex leporina 1., 1 !
Carex nigra (L..) REICHARD } 1
Carex pallescens 1.. 1 1—2
Juncus articulatus L. 2 .
Lotus corniculatus L. 5 -+ -+
Myosotis nemorosa BESSER 1 1
Plantago major 1. 1 1
Poa pratensis 1. 1 : I
Potentilla erecta (L.) RAuscyEL g 1 =
Ranunculus repens 1.. i 1
Trifoliwm repens 1. 1 +

Species oceurring in one 1elevé onldy: 27: Carex hirta L. 1; Deschampsia flexuosa (L.) TriN. 2;
Equisetum palustre L. 1; Linum catharticum L. vy Lychnis flos-cuculi L. 2; Mentha longifolia (L.)
Hupsox -5 Potentilla anserina .. —+; Trifolium pratense L. 2; 28: Cirsium palustre (L.) Scop.

{3 Deschampsia cespitosa (1..) BEavuv. | Isolepis setacea (L) R. Br. 1;; Juncus bulbosus L. 1;
Juncus effusus 1i. 1; Leontodon autumnalis 1. +; Ranunculus flammula L. 2; Veronica serpylli-

Jolia 1., 2; 29: Agrostis capillaris 1i. 2; Briza media L. 5 Carex pilulifera L. vy Calycocorsus sti-
pitatus (JACQ.) RAUSCHERT r to Cirsium canum Li. 2: Cynosurus cristatus L. +; Homogyne
alpina (Li.) Cass. + —1; Tussilago farfara 1., 2.

In comparing the results of morphological and karyological analyses (see
Fig. 8), we have arrived at conclusion that there is a correlation between
the chromosome number and phenetic variation within a given taxon.

The above results suggest that the interpopulational variability was under
influence of the genotype variation to an extent greater than that of the
variability of the macrohabitat factors.

Analysis of variance showed that the main source of the overall variability
within a species was the intrapopulational variation, which applies to all
the species concerned. Particularly, it is apparent in the case of vegetative
features of C'. flava, C. lepidocarpa and C'. tumidicarpa, while C. serotina was
characterized by a higher proportion of the within population variability
of the perigynium traits.

Let us compare the above results with those published by Scumin (op.
varia) on the basis of the Swiss material. We can quote the relevant para-
graph: “In an evolutionary context the most important result reported here
is that, with the exception of flava-alpina, patterns of both phenotypic and
genetic variation of the C. flava group are characterized by large between-
and small within-population differences. ... The sedges of the C. flava group
as a whole are comparatively rare plants, and within the group effective
population sizes decrease from flava to viridula while at the same time
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between-population variation increases and within-population variation
decreases.” (ScHMID 1986a : 125). Further conclusions are given on page
124: “Effective population sizes, gene flow between populations, and intro-
gression from other taxa all decrease in the series flava, alpina, brachyrrhyn-
cha, oedocarpa, viridula.

We failed to confirm such a sequence in our material. This difference is
chiefly due to a different population structure of C'. serotina in Switzerland
upon comparison with the situation in Bulgaria and Czechoslovakia. Scamrp
(1986a) characterizes Swiss populations of C. serotina as being “‘smaller and
genetically more isolated.” However, particularly at the Bulgarian localities,
C'. serotina formed large popul(\tlons often with more than 100 individuals.

At the localities with a common occurrence of (. serotina and another re-
presentative of the C. flava group, hybridization often took place giving rise
to incompletely sterile F; plants. In this respect, all the members of the
C'. flava agg. behave in a very similar way. Therefore, no particular isolation
barrier has been ascertained between C'. serotina and the other species at the
localities studied.

Furthermore, the differences in the results of (above all) the analyses of
intrapopulational variability can very likely be accounted for by considerably
different sizes of the population samples studied (ef. DooniTTrLe 1987). Schmid
analysed approximately five to sixindividuals from each population, whereas
we have examined samples amounting to 30 plants.

Analysis of variance also provided results useful in examination of the
C. lepidocarpa variation range. A rapid decline of its localities can be observed
nowadays, and influence on the variation pattern might be expected. We have
found, however, that the variance values were comparable with those com-
puted in the less endangered C'. flava (this latter taxon represents morpho-
logically and biologically the closest member of C. lepidocarpa within the
group). Taking a fact into consideration that the main source of the overall
variability in C. lepidocarpa is found within populations, we can conclude
that preservation of the population size at the remaining localities may be
sufficient to retain the variation range of this species in spite of the wide-
spread habitat destruction by human activity.

CONCLUSIONS

The following conclusions are made basing on the analyses of karyological,
morphological “and ecological variability of 31 populations of the Carex
ﬂava complex in Bulgaria and Czechoslovakia:

The intrapopulational variation represents the main source of the overall
variability, while proportions of the interpopulational variation were equally
low in the species concerned. This situation is closely connected with the
population structure. The taxa studied were formed by large populations
without strong isolation barriers between the species.

2. The populations (within species) did not split up into two morphologically
distinct groups in relation to their geographical origin.

3. The influence of the differences in macrohabitat factors was not ascertained
in the variation patterns of the populations studied.

4. A correlation has been found between the chromosome number and mor-
phological variation of the populations.
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5. In spite of the decline of the biotops suitable for C. lepidocarpa, the varia-
tion range of the populations of this species need not be narrowed provided
that sufficiently large populations will be preserved at the remaining loca-
lities.
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SOUHRN

V prispévku je podén rozbor vzéjemnych vztaha mezi morfologickou variabilitou, poétem
chromosomu a ekologickymi faktory stanovist u vybrangch populaci komplexu Carex flava agg.
na tzemi Bulharska a Ceskoslovenska. (Jedné se o taxony C. flava L. var. flava, C. flava var.
alpina KNEUCKER, C. lepidocarpa TavscH, C. tumidicarpa ANDERSS. a C. serotina MERAT). Vysled-
ky, kterych bylo dosazeno, 1ze shrnout do nasledujicich bodu:

1. Za pomoci analyzy variance bylo zjigténo, ze shodné u vsech studovanych druht komplexu
se na jejich celkové variabilité podili ve vét§i mire proménlivost zjisténa uvniti populaci nez pro-
ménlivost mezi populacemi.

2. Bulharské a ceskoslovenské populace v ramei jednotlivych taxont nevytvérely ani v jed-
nom ze sledovanych morfologickych znaku vyraznéji separované skupiny.

3. Nebyla zji§téna zavislost variability morfologickych znakt na sledovanych vné&jsich fak-
torech stanovist (nadmorska vyska, pH, obsah Ca2t ionta v pudnich vzorcich, makroklimatické
rozdily).

4. U sledovanych populaci (v rdmei jednotlivych druht) byla zjisténa korelace mezi varia-
bilitou morfologickych znakt a chromosomovych poctu.

5. Z hlediska ochrany genofondu nejvice ohrozeného druhu této skupiny — C. lepidocarpa,
bylo dualezitym vysledkem této studie rovnéz zjisténi, ze hodnoty variance pro jednotlivé znaky
u tohoto taxonu byly srovnatelné s hodnotami zjisténymi u ostatnich, méné ohrozenych druhu
skupiny (napt. u druhu C. flava, ktery jak morfologickymi, tak biologickymi vlastnostmi stoji
nejblize druhu C. lepidocarpa). Jestlize vezmeme v Gvahu i fakt, Ze zdrojem celkové variability
tohoto druhu je predevéim vnitropopulaéni proménlivost, pak lze piedpokladat, ze pti zachovani
dostateéns sirokych populaci na souc¢asnych lokalitéch se ubytek vhodnych biotopt pro tento
druh nemusi negativné projevit na zachovini gire jeho celkové variability.
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Polhill Diana:
Flora of Tropical East Africa
Index of collecting localities

Royal Botanic Gardens, Kew 1988, 398 str., 1 mapa. (Kaiha je v knihovné CSBS.)

Védecky vyzkum tropické africké kvéteny zacal pied dvéma sty lety. Jeho pionyry byli dangti
lékar1 P. B, Tsert a P. Thonning, ktefi na izemi dnegni Ghany sebrali 2000 herbaiovych polozek,
z nichz je 474 typovych polozek pro nové popsané druhy. Hutchinsonova Flora Zapadni Afriky
méla proto jisty piedstih; jeji druhé vydani bylo dokonéené jiz v r. 1972, Uspéchem byla také
kvétena nékdejgiho belgického Konga. Zvla§tni misto v botanice tropické Afriky zaujimé mnoho-
svazkova Flora tropické vychodni Afriky, kterd pokryva tizemi dneéni Tanzanie, Keni a Ugandy.

Jako dualezity doplnék k této kvétend vychazi nyni index lokalit, z nichz byly sebrany herba-
fové polozky anebo jez jsou jmenovany v itinerarich vychodoafrickych floristi. Recenzovand
kniha je vlastné jiz druhym vydanim starsiho seznamu z r. 1970 a vychézi z kartotéky zalozené
J. B. Gilletem na zac¢atku celého projektu kvéteny.

Evropéti botanikové znaji potize, které vyvolava ¢teni herbéfovych sched a identifikace na-
lezigt star§ich botaniki. To se jevi zvlast vyrazné pii floristickém mapovéani v tzemich, kters
byla osidlena nékolika ndrodnostmi anebo prodsélala zmény v osidleni. V' Africe jsou tyto potize
mnohem vétsi. Na tizemi dnesnich statt ziji zpravidla desitky etnik, jez maji svij jazyk a po-
chopitelnd i sva topografickd jména; potiz se stupnuje pFi piepisu téchto lokélnich jmen do né-
které ,lingua franca‘, jakou je ve vych. Africe v sou¢asné dobé angli¢tina. Toponyma vznikaji
u vsech narodu podobnym zpusobem — jako ustaleni obecnych jmen — a proto pifi velkém
poc¢tu kmenovych jazyka vznikla ve vych. Africe poc¢etné synonyma a homonyma. Staré mapové
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nacrty a plany jsou rozptylené v muzeich a podrobné mapy jsou v této oblasti k dispozici teprve
od druhé poloviny nageho stoleti; také toto zpozdéni déla africkym fytogeografim potize.

Muzeme tedy gratulovat africkym botanikam k publikaci, kterd znaéné usnadni identifikaci
starych udaja a vypomuze pri spravné lokalizaci tidaji novych. Soucasti knihy je skladaci mapa,
na niz je vychodni Afrika rozdélena — s ohledem na suverénni staty — na provincie (kraje)
a distrikty (okresy); 1 pri jejim malém méritku je to nesmirna pomucka pro toho, kdo se ocitne
v tomto izemi na kratké expedici. Vlastni text pak tvori abecedni seznam toponym s uvedenim
provincie, distriktu, zemépisnych soutadnic a jména sbératele, ktery lokalitu uvadi na scheds
nebo ve svém itinerari. Poradatelka tohoto indexu udélala mnoho prace pii celkovém zmnozeni
a doplnéni tohoto seznamu a hlavné pii ujednoceni prepisu toponym i zpresnéni jejich lokalizace.
Pri tom vyuzila ¢etné staré mapy a pisemné materidly, které ji poskytla muzea i soukromnici.

Timto po¢inem se dostava do rukou stale se zmnozujicich prirodovéden dulezity zdroj, ktery
zabrani mnoha omylum, vyplyvajicim zejména z mnozstvi synonym a homonym. ktera jsou
castéa v hraniénich Gzemich jednotlivyeh narodu a pohranic¢i dnesnich statu. Index bude jisté
cennym zdrojem pro studie zemépiscu a jazykovédeu, protoze ukazuje frekvenci a distribuci
nékterych hlasek v africkych jazycich. Evropsky botanik se jisté také pouci, i kdyz bude od reali-
zace podobného jednotného dila — napi. pro staty stredni Evropy — jisté hodné daleko. Fyto-
geografové a geobotanikoveé si zaroven uvédomi, jakon zatézi pro moderni védumuze byt obrovska
literatura a herbére ¢éitajici polozky v miliénech.

J. Jenik
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