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Correlations between morphological variability, chromosome numbers and habitat 
conditions were s tudied in 31 populations of the Carex /lava agg. in Bulgaria and Cze
choslovakia. The following taxa were included: C. ]lava L . var. /lava, C. /lava var. 
alpina K N E UCKE&, C. lepidocarpa TAUSCH, C. tumidicarpa ANDER.SS. and C. serotina 
MERAT. ·within and between population variability were compared in each taxcm. 
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 
othe t• in the regions studied. 

1 ) Botanical I nstitute, Bulgar'ian Academy of Sciences, 1113 Sofia, Bulgar£a 
2) Botanical I nstitute, Czechoslovak Academy of Sct'ences, 252 43 P riihonice, Czechoslo 
vak'ia 

INTRODUCTION 

The Carex flava a:gg. has always presented taxonomic difficulties. Overlap~ 
ping ranges of morphological variation of the members of t his 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 (WIINSTEDT 1936, 1945, 1947, SENAY 1950- 51 , 
DAVIES 1953, 1955a,b, 1956, PALMGREN 1959, CRETIN et BIDAULT 1974, 

1NK 1979) details of the population variability within this group were -only 
.Jdied in a rather limited territory of Switzerland, and published by ScHMI~ 

,·1980, 1982, 1983, 1984a, 1984b, 1986a, 1986b) in a comprehensive bio-
systematical work. 

T lie present study is concerned with the population variability of Carex 
/lava L. var. /lava , C. flava var. alpina KNEUCKER (sensu SCHMID 1983), 
C. lepidocarpa TAUSCH, C. tumidicarpa ANDERSS. and 0. serotina MERAT in 
t wo 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 
(HA vLioKov A. I 982~ 1 g83). · 

In studying the 1 ..titterns of morphological variation, chromosome numbers 
and ecology of the ~bo'\re taxa, the following problems were considered : 
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~ Tab. 1. List of the studied populations of the Carex /lava agg. .. 
No. 

Garex lepidocarpa 
l 
(686) 
2 
(1113) 
3 
(1114) 
4 
(10) 
5 
(1264) 

Car ex f lava var. alpina 
6 
(1033) 
7 
(71) 

Carex jlava X C. serotina 
8 
(1070) 
9 
(1031) 

Carex flava X ? 
10 
(105 1) 

Car ex /lava var. f lava 
11 
(1115) 
12 
(48) 
13 
(711) 
14 
(893) 

Sites 

Bohemia, pag. Lysa n. Labem: in prato uliginoso in reservatione 
, ,Hrabanovska cernava '' dicta. 

Bohemia, opp. Melnik, vie. Melnicka Vrutice: in prato uliginoso in 
reservatione ,,Polabska cernava" dicta. 

Bohemia, opp. Revnicov, vie. Tftice : in prato uliginoso in reservatione 
, ,V bahnach'' dicta. -

Slovacia, montes V eTka Fatra: in loco scaturiginoso in reservatione 
,,R ojkov", ea 2 km situ or. a pag. Krafovany. 

Bulgaria: in pratis humidis inter vicos Aleksandrovo, Manolovo et; 
Tarnichene. 

Bulgaria, m ontes Vito8a: in pratis h midis secundum viam turisticam 
inter montem Usite et casam alpinam Aleko. 

Slovacia, montes Chocske vrchy: in loco scaturiginoso ad cl ivum montis 
Predny Choe. 

Bulgaria, montes Rila: in loco scaturiginoso, ea 300 m situ mer.-~cc. 
a pago Govedarci. 

Bulgaria, montes Vito8a: in prato humido haud procul a statione viae 
ferratae pensilis ,,Baj Krastju" super vico Dragalevci. 

Bulgaria, montes R odopi occ.: in pratis humidis in loco ,,Rakovo dere" 
dictis, secundum viam publicam Dospat-Batak, ea 8 km situ mer. ab opp. Batak. 

Bohemia, opp. Revnicov, vie. Tftice: in prato uliginoso in reservatione 
"V bahnach" dicta. 

B ohemia, opp. Melnik, vie. Melnicka \'rut.ice: in prato uliginoso in 
reservatione ,,Polabska cernava" dicta. 

Bohemia, opp. Pardubice, vie. Horni Redice: in prato humido ad riparr 
piscinae Mordyf. 

Bohemia, opp. Ral-ovnik: in prato humido ea 3 km situ mer. a vico Racice. 

2n 

68 

68 

68 

69 (68) 

68 

60 

60 

66 

64 (66) 

53 

60 

58 

60 

60 
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15 
(1032) 
16 
(704) 

17 
(989) 

18 
(700) 

Carex serotina 
19 
(1110) 
20 
(817) 
21 
(1112) 
22 
(720) 
23 
(988) 

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

Carex tumidicarpa 
27 
(9) 
28 
(972) 
29 
(722) 
Carex flavu x (C. jlava X 

30 
(1094) 
Carex f lava x C. serotinu 
31 
(984) 

Bulgaria, roontes Vitosa: in prato humido haud procul a l!itatione viae 
ferratae pensilis , ,Baj Krastju" super vico Dragalevci. 

Bulgaria, montes Rodopi occ., opp. Batak: ad ripam rivi ea 1,2 km situ 
acc. 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, ea 2,5 km situ occ. -mer.-occ. 

a pago Govedarci. 
Bulgaria, montes Rodopi acc.: in pratis humid is ,,Rozenski livadi" diet is 

secundum viam publicam inter pagum Progled et vicum Sokolovci. 

Slovacia, opp . Krafovany: in loco scaturiginoso ad peripheriam acc. 
pagi Rojkov. 

Slovacia, opp. Komarno: in loco humido apud viam ferream prope 
pagum Chotin. 

Bohem ia, opp. Melnik, vie. Melnicka Vrutice : in prato uliginoso in 
reservatione ,,Polabska cernava" dicta. 

Bohemia: in loco humido ad peripheriam bor.-occ. pagi Reporyje . 

Bulgaria, m ontes Rila: in prato turfoso prope viam publicam inter pagum 
Goverdarci et deversorium Malj ovica, ea 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 Kazicen e. 

Bulgaria, montes Rodopi acc.: ad ripam lacus loco ,,Smoljanslri ezera", 
ea 6 km situ bor. ab opp. Smoljan. 

Slovacia, m <mtes Nizke Tatry: in loco humido in valle Raztocka dolina, 
ea 300 m bar. a vico Liptovslra Luina. 

Bohemia, pag. H ostomice : in loco humido apud casam venatoriam Zator dictam. 

B ohemia, montes ~umava: in loco humido, ea 400 m situ or. a statione 
ferroviae Kubova Hut . 

C. lepidocarpa) ? 
Bulgaria, m ontes Rila, pag. B orovec : in pratis humidis secundum viam 

publicam Belm eken - Borovec . 

Bulgaria, m ontes Rila: in prato turfoso prope viam publicam inter pagum 
Goyedarci et deversorium Maljovica, ea 2,5 km situ occ.-mer.-occ. 
a pago Govedarci. 

60 

6@ 

58 

60 

~ 70 

68 

68 

70 

70 

(70) 68 

70 

70 

70 

62 

66 (68) 



I. 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 
occurring 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 '? · 

MATERIAL 

:Morphological and karyological analyses were carried out on 3I populations. All the data were 
taken from the plants growing under natural conditions. Localities and notes on habitat are 
includ ed in Tables 1 and 5. Phytosoc iological releves were reco rded at each loca li ty using the 
common Braun-Blanquet scale (Tabs. 6 - 9). 

K.-\RYOLOGY 

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 Clarkes fixative (three parts of 96 % 
ethanol and one pa1·t of acetic acid) for 30 minutes , hydrolysed in I N HCl at 60°C fot• 40 minutes, 
transferred into a mixture of ether and IN HCl (equal proportions) for 10 minutes and stained 
with hematoxylin at 60°C for 30 minutes. Root tips were squashed in 45 % acetic acid, and the 
squashes were made permanent by the quickfreeze method with C02. 

The numbers of vouchers depos ited in the private herbarium. of Stoeva, Sofia, are given in the 
Tab. l (in the brac kets ). 

Results 

In the material of the Carex fla.va group from Bulgaria and Czechoslovakia, 
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 Bulgaria, 
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. I). 

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 population:s. The same chromosome number was ascertain
ed in the material from C. Slovakia (Liptovska Lufoa, cf.SToEVA et STEPAN
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 1Q82). 



The number 2n = 58 was also establish d in the material from both 
region . It i in accordance with the results of CHMID ( 1982). 

Furthermore . flava var. alpina is r ported to have 2n = 60 in Bavaria 
Italy and Y ugo .Ja,·ia (Scmvnn 1982). 
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Fig. I. - Metaphase in root-tip meristem, - A: Carex flava x ?, 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 µm. 

Oarex lepidocarpa TA uscH 

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
t ovska Luina (STOEVA et STEPANKov.A 1988). 

The former chromosome number seems to predominate in Great Britain, 
Sweden and Switzerla.nd (ef. SCHMID 1982) . 



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. Scmnn 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) 211 = 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 SCHMID 1982). According to SCHMID 2n = 70 pre
dominates in Sweden, Great Britain, Iceland, Switzerland and France. The 
lower number, 2n = 68 was reported by SCHMID (1982) from Austria and 
Switzerland. 

Hybrid populations 

Five additional chromosome numbers were found to occur in the Bulgarian 
hybrid populations of the 0. 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 0. flava X (0. 
flava x 0. lepidocarpa). In the population 9 (0. flava X 0. serotina) 2n = 64 
was predominating, whereas 2n = 66 occurred relatively rarely, 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 Nizke Tatry Mts., C. Slovakia (STOEVA et Eh:Er.ANKOVA 1988). 
A series of hybrid plants intermediate between the parent species, 0. flava , 
C. lepidocarpa and 0. tumidicarpa, was ascertained. A similar series of chro
mosome numbers 2n = 63, 68 and 69 was found , too. 

RESULTS OF MORPHOLOGICAL ANALYSrn 

Methods 

Numerical analyses are based on 30 populations (900 plants). On the basis of the statistical 
analyses of 37 characters (HAVLICKovA. 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 
(MCCUNE 1987). 
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Fig. 2. - Br aclth of leav s, arithmetical m ans (horizontal lines) and ± standard leviations 
(vertical lines) for ea ch population (1 ft up). 

Fig. 3. - Br adth of bracts lcaf-lik , arithmetical m eans and ± standard deviations for each 
population (right up). 

Fig. 4. - Length of perigynium, arithmetical m ans and standard d viations for each po-
pulation (left below). 

Fig. 5. - Length of peL·igynium beak, arithme ical means and ± standard deviations for each 
populat.ion (right below). 
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Tab. 2. - Character!!! u sed in th analyses (mm) 

2 
3 
4 
5 

Breadth of leaf 
Breadth of bract 
Length of sheath of bract 
Number of female spikes 
L ngth of female spikes 

6 
7 
8 
9 

Morpholo g ical v :uiation of characters 

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

A survey of results of tatistical 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 one ) may be analysed. o.n the graph - Fig. 6. 

A B 
mm 

4 :nm 

! 
6 

~ 8 ~ ~ $ g ~ 

~ 
4 ~ 9~ 

2 

~ 

1 
2 

0 2 .3 6 7 8 9 0 1 2 J 6 7 8 9 
taxa ta.xa 

Fig. 6. - Comparison of the nine taxa of Carex flava - group, based on - A: breadth of loaves 
- B: length of perigynium. l - G. lepidocarpa, 2 - C. flava var. alpina, 3, 4 - G. flavu x C 
serotina, 5 - O.ffova x '!., 6 - C.flava var.jlava, 7 - 0. serotina, 8 - G. tumidicarpa, 9 - G. 
flava x C. flava x C. lepidocarpa. 
(The box together with the vertical line cover the middle 7 5 % of the data values, the box contains 
the central 50 % of the values. The individual points represent the remaining extreme valueR. 
The•width of the box corresponds to the square root of the number of observation in the data set, 
the central line i. at the median. Th 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 comparison 
to be performed at the 95 % level by examining whether two notches overlap). 

Tab. 3. - Statistical characteristic for each measured character. (The first line - moon, the 
second line - variance) 

Pop. Characters 

No. 2 3 4 5 6 7 8 9 

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 0,05 
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Tab. 3. - (cont inuetl) 

2 2,8 1,4 2,8 2,6 13,0 17,0 4,6 1,7 1,3 
0,22 0,21 2,43 0,45 2,03 8,17 0,13 0,05 0,03 

3 2,5 1, I 3,0 2,1 11 ,4 17,2 4,0 I ,6 l,O 
0,18 0.19 2,16 0,23 1,49 10,14 0,08 0,03 0,01 

4 2, 1 1,0 2,2 2,0 10,8 15,6 4,0 J ,6 1,3 
0,18 0,13 2,09 0,24 1,36 6,73 0,22 0,04 0 ,04 

5 2,3 l,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 2,4 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 2,2 1,6 •) C) _, .. 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 
0,13 0,16 ] ,14 0,26 0,56 2,99 0,04 0,01 0,02 

11 2,8 2,0 2,0 3,0 11,l 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 1,5 1 9,36 0,08 0,04 0,05 

13 2,8 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, l 2,0 2,9 12,3 12,9 5,0 ] ,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 ll,3 4,4 l ,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, J 3,2 ll,3 12,3 4 ,5 1,5 1,8 
0,44 0,31 1, 77 0,30 1,40 4,41 O,ll 0,01 0,04 

17 2,6 2,0 2,1 2,8 10, l 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,l 12,1 4,6 1,9 1,8 
0,19 0,31 4,33 0,35 1,67 6,57 0,71 0,30 0,07 

19 1,4 l , l 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 ]. 73 0,59 0,76 1,58 0,03 0,01 0,01 

21 1,6 l ,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 1,4 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 l , l 3,0 3,2 6,8 9,1 2,6 l, l 0,5 
0,09 O,ll 4,86 0,35 0,39 5,88 0,03 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 4,98 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 4,96 0,46 1,10 8,06 0,09 0,01 0,01 

26 1,5 l ,3 3,3 2,8 7,5 ll,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 l,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 ll,5 16,6 5,2 1,5 2,0 
0,14 0,10 0,63 0,18 l,22 3,06 0,12 0,02 0,04 
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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 

A 

2 

c 
J 

§ !2-{l}-
•ri 

~ l J -{J}-
::s 
g: 14-ca-

15{X}--

14XJ
! 7 --{)}- -

l~ 

4 6 

4 

B 

20 

21 

22 

23 -----l 

I I 

1,9 mm 
D 

26 -D-
__ 2_5_---1C:x:J--

22-[XJ---
21 

19 

3,3 J 2,7 2 ,4 mm 

Fig. 7. - P lots obtained from resu lts of ANOv A. 
A - breadth of leaves of populations of C.jlava var.jlava, B - breadth of leaveH of populations 
of C. serotina, C - length of perigynium of populations of C. jlava var. ]lava,, D - len gth of peri
gyn ium 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 HAvLicKov.A 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 ANOV A, 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 o,·erall variability 
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 analys is 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 (% in 
overall variance of each taxon) 

Species jlava var. fla va lepid ocarp(I, tumidicarpa serotina 
Character d. f. 7,232 d. f. 4,145 cl. f. 2,87 d . f. 7,23 2 

+ 
1 8,1 +I- 85 13,3++ 80 38,6++ 90 3,9 ++ 65 
2 10,4++ 80 24,9++ 79 81,2++ 80 817++ 60 
3 3,9++ 90 l,6ns 85 5,4+ 88 o,9ns 77 
4 5,7++ 85 6,2 ++ 85 20,8++ 67 9, 7++ 77 
5 10,1 ++ 73 22,5++ 62 l ,9ns 95 7,6++ 81 
6 6,8 -l + 82 34,6++ 58 4,7+ 90 18,3++ 64 
7 25,9 ++ 56 25,9++ 58 40,1 ++ 52 14,7++ 74 
8 40,3++ 51 6,6++ 69 6,2 ++ 64 19,6++ 72 
9 10,3++ 65 30,2++ 56 22,3++ 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 (width 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 0. 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 0. 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. 

11 



However, SCHMID (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). 

Result s of cluster analysis 

Cluster analysis was performed using ·vv ard'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 0. flava var. flava also cluster well in a very wide cluster A 
(see Fig. 8) together with two populations of C. turnidicarpa. A set of po-

Tab. 5. -- Habitat characteristics of s ites of studied populations. 

Locali ty 
R eleve 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 

Altitude 
m s.m. 

180 
180 
430 
450 
420 

1850 
950 

1200 
1350 
1600 
430 
180 
240 
420 

1350 
1600 
1300 
1600 

450 
120 
180 
320 

1250 
950 
550 

1520 
850 
580 
950 

1350 

1250 

Slope pH 
aspect (H20) 

0 7,1 
0 8,2 
N 6,4 
N 8,3 
0 6,5 
0 5,2 
E 7,8 
NNW 5,4 
N 5,5 
0 5,1 
N 6,4 
0 8,3 
0 6,5 
N 7,7 
N 5,3 
SE 5,9 
NNW 5,8 
NNW 5,6 
0 8,3 
0 8,3 
0 8,1 
0 8,0 
NNW 5,5 
NW 6,2 
0 6,9 
NNE 4,7 
s 6,3 
NW 5,9 
SW 5,4 
NE 6,2 

NNW 5,5 

Ca2+ Plot 
( % ) area (m2) 

4,2 14 
3,6 14 
5,6 10 

13,2 13 
2,6 14 
0,3 5 
9,3 9 
0,0 12 
0,1 10 
0,0 12 
0,5 12 
3,6 12 
0 ,7 10 
0,8 10 
0,3 10 
0,7 9 
0,1 10 
0,3 9 

13,2 13 
4,1 14 
2,5 10 
4,1 14 
0,1 12 
0,1 6 
2,1 8 
0,0 12 
0,1 12 
0,0 12 
0,0 10 
1,0 12 

0,1 12 

Cover Tax a 
( % ) 

90 0 . lepido-
90 carpci 
85 
90 
70 
90 0. Jlava 
80 var. alpina 
70 0. jlava X 0. 
75 serotina 
75 0. jlava x ? 
90 0. flava 
85 var. flava 
85 
95 
85 
80 
80 
90 
60 0. serotina 
60 
65 
55 
65 
75 
70 
55 
85 0. tumitlicarpa 
80 
85 
90 0. flav.a x (C. 

flava X C. lepi
docarpa) 

65 ' 0. ]lava x (C . 
~erotina) 
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.Fig. 8. - luster analysis, vVarcl's method. (A = urex flava var.flav<1, a = C. flava var. alpinci, 
le = C. lepfrlocnrpa, se = C. serotina , t u = C. tumidicarpo, ffl = C. flavn x (C. f lm.:(( x C. lepi
docarpa ), fx = C. / lava x C. serotina, fx? = C. fln1.:rt x ? ). 
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....... Tab. 6. - Phytosociological releves with the Carex flava L. var. flava, C. flava var. alpina KNEUCKER and hybrids C. flava L. var. flava X C. 
~ 

serot'ina MERA'.r and C.flava L. var.flava X (C.flava L. var.flava X C. lep'idocarpa TAUSCH). 

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

E1 
Carex flava L. var. flava 1 2 1 1 1 I 2-3 2 I 
Potentilla erecta (L.) R.AuscHEL + I + + + + + 1 + + 
Carex echinata MURRAY + 1 + 1 I I 
Carex nigra (L.) REICHARD 1 2 2 2 2 + I 1 
Carex panicea L. 1 + + 1-2 I + + 
Galium uliginosum L. + r + + + + 
J uncus effusus L. + 1 2 1 1 
Parnassia palustris L. + + + +- 1 + 
Prunella vu.lgaris L. + 1 1 + r 
Carex canescens L. + I I 1-2 
De«1champsia c68pitosa (L.) BEAUV. I 1 1 2 
Juncus articulatus L. + 1 1 + 
Mentha arvensis L. l + + + 
Molinia caerulea (L.) lVIoENCH 1-2 1 1-2 
Ranunculus acris L. l + 
Agrostis stolonifera L. + 
Cynosuru8 cri«1tatus L. 1 + + 
Equisetum palustre L . 1 1 + 
Eriophorum angustifolium HoNCKENY ~ 2 2 
Eriophorum latifolium HOPPE + 
Geum rivale L. l + 2 
Lathyrus pratensis L. + 1 + 
.111 yosotis nemorosa BESSER I I + 
Scirptl8 sylvaticus L. 1- 2 . . I 
Succisa pratensis lVIoENCH I + + 
Trifolium pratense L. 
Alchemilla crinita BusEP + 
Alchemilla monticola 0Prz + + 
Leontodon hispidus L. +- I + 
Lychnis flos-cuculi L. + + 
Mentha longifolia (L.) HUDSON l I 
M yosotis orbelica VELEN. I + 
N ardus st?·icta L. + 1 
Orch1:s morio L. + l 



N 
~ 

Phragmites australis 
(CAv.) TmN. ex STEUDEL 

Yingiticula vulgaris L. 
Plantago lanceolata L. 
Polygonum bistorta L. 
Sanguisorba officinalis L. 
S oldanella sp. 
Trifolium re pens L. 
Tussilago f arf ara L. 
V icia cracca L. 
Anthoxanthum odoratum L. 
C altha palustris L. 
Cardamine opizii J. PRESL e t C. PRESL 
Carex davalliana SM. 
Carex ]lava var. alpina KNEUCKER 
Cirsium palustre (L.) ScoP. 
Crepis paludosa (L.) MOENCH 
Cruciata laevipes OP'IZ 

Epipactis palustris (L.) CRANTZ 
Equisetum jluviati le L. 
Festuca rubra L. s.l. 
Galium palustre L. 
Gentiana pneumonanthe L. 
Gymnadenia conopsea (L.) R. BR. 
Holcus lanati1,s L . 
Hypericum perjoratum L. 

+ 
+ 

1 

1 

+ + 
+ + 

+ 

1 
1 

2 
1 

+ 
1 

+ 

+-1 

+ 
+ 
+ 

1 

+ 

+ 
+ 

r 

r 

+ 

1 

+ 
+ 

+ 

Species occurring in one releve only: 11: Carex paniculata L. 2; Carex rostrata STOKES 1; L eucanthemum vulgare LAM. l; Luzula multijlora (EHRH.) 
LEJ. + ; Lythrum salicaria L. l; Violapalustris L. + ; 12: Carex hosteana DC. 1-2; Carex serotina M:ERAT l; Triglochinpalustre L. + ; 13: Ca
rex hartmanii CAJANDER l; Scutellaria galericulata L. + -1; 14: Hypericum maculatum CRANTZ l; Valer'iana dioica L. +; 7: Eleocharis quinque
flora (F. K. HARTMANN) 0. SCHWARZ l; L istera ovata (L.) R. BF. +; 6: Lwucorchis albida (L.) E. MEYER + -1; 15: Carexjtava L. var.flava x 
C. serotina MERAT l; Luzula sp. (sect. Alpinae CHRTEK et K:RisA) + ; 16: Ajuga genevens·is L. + ; Briza media L. +; Calamagrostis epigejos (L.) 
ROTH l; Carex hirta L. l; Euphorbia amygdaloides L . l; Fragaria vesca L. + ; Luzula luzuloides (LAM.) DANDY et WrLMOTT l; 17: Bruckenthalia 
•piculifolia (SALISB.) REICHENB. + ; Drosera rotundifolia L. + -1; Ranunculus flamm~•la L . l; 18: Carex leporina L. + -1; Carex pallescens L. 
l; Primula elatior (L .) HILL + ; Trifolium spadiceum L. l; 10: Carexflava L. var.flava x ? l; Lycopus europaeus L. l; 30: Dactylorhiza maculata 
(L.) So6 l ; J uncus inf lexus L. l ; Veronica beccabunga L . 1. 



pulations of C. lepidocarpn 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. - Phytosociologieal rnlcves with Carex serotina lVIERAT ancl the l1ybrid C . .flava L. vat". 
jlaVli x C. serotina M1btAT. 

---·- --·- ~ 

R ei eve 19 20 21 22 2:~ 24 25 26 8 

Carex serotina lVIERA.T 2 1 - 2 2 2 " - ,y 2 2 - :3 
Carex echinata Mu· RAY l 2 l 
Prunella vulgaris L. l 
Lotus corniculatus L. 
Carex panicea L. 
J uncus articulatus L. 
Molinia caerulea (L.) MoEN"CH 1 - 2 
Myosotis orbelica VELEN. 

Trifolium pratense L. + 
Agrm1tis stolonifera L. 2 2 
Blysmus compressus (L.) l - '.? 2- :: 

PANZER ex LINK 
Carex distans L. 2 
Carex leporina L . + + 
Carex pallescens L . l 
Centaurium uliginosum (WAL DST. + + 

et K1T.) BECK ox RoN!'.'WEit 
Daucus carota L. + + 
Festuca rubra L. s . I. 
H olcus lanatu8 L . 
Juncus ejjusus L. 1- 2 
Leontodon autumnalis L . + + 
Lycopus europaeus L. I 
M entha arvensis L. + + 
Phragmites austrnlis (CAv.) 1 - 2 1 

TIUN. ex STEUDEL 
Potentilla erecta (L.) RA.uscHEL + 
Rhinanthu8 minor L. + 
Trif olium re p ens L. I 

Species occurrjng in one relovc only: 19: Epipactis palustris (L.) CRA~TZ 1: Euphrasiri rostko· 
koviana HAYNE + ; Plantago major L. + - 1; Poa compressa L. + ; Primulr1 farino.<Jrt L. + - l; 
Tofieldia calyculata (L.) WAHLENB. + - 1; Trifolium montanum L. + ; ~O; Achillea millefolium 
L. + ; Oentaurea jacea L. 1 - 2; Eriophorum latifolium HOPPE + ; L inum catlwrticum L . + ; Pasti
naca sativa L. l ; Potentilla anserina L. + ; Tetragonolobus maritimus (L.) ROTH l; Colobium tara
xacoides (vILL.) HOLUB I ; 21: Calamagrostis arundinacea (L.) ROTH I; Carex flacca ScHREBER l; 
Carex flava L. l; Carex hirta L . + ; Carex hosteana DC. 1- 2; Carex lepidocarpa TAUSCH l; Cir 
sium oleraceum (L.) ScoP. 1 - 2; 22: Equisetum arvense. L. l; Odontites verna. (BELLARD!) 

DuMORT. 1; Ranunculus acr1:s L. + : Trifolium fragiferum L. 1: 'l'ussilago fm:fara L. l ; 23: Drosera 
rotundifolia L. + ; Juncus conglomeratus L. l; Pinguicula vulgaris L. l ; Succisa pratensis MOENCH 

l; 24: Anthoxanthum odomtum L. +; Cynosurus cristatus L. l; Deschampsia cespitosa (L.) BEAUV. 
l; Euphrasia i llyrica vVE'l'TST. + ; Myosotis caespitosa c. l!~. SCHU LTZ + - 1; Rumex acetosa L. 1; 
Silene ciliata PoURR. +- 1; Trifolium badium ScH~EBER. +-I; 25: Caltha minor MILL. l ; Eleo
charis quinquejlora (F. K. HARTMANN) 0. SCHWARZ 2; Eleocharis palustris (L.) ROEMER et SCHUL

TES 2; Mentha pulegium L. + ; Menyanthes trifoliata L. l; Ranunculus repens L. l; 26: Cirsium 
waldsteinii Rou Y l; 8: Carexflava L. var. flava x C. serotina MERAT 2; Epilobium parviflo1·um 
SCHnEBER l; Galium uliginosum L. + ; H olcus mollis L. l; Mentha longifolia (L.) HUDSON l; 
Scirpu8 sylvaticus L. 1; 
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contains fertile plants with 2n = 62, morphologically int ermediate between 
C. flava and C. lep 'idocarpa. We suppose that the population 30 might re
present a case of so called " cryptic backcross" C. flava X (0. flava X C. lep i
docarpa) (i::;en su SCHMID 1982) . This population is associated with the po
pulation 10, which is rather unclear t axonomically. It has p roved to have 
2n = 53, the plants being sterile (to a relatively high extent ). and in general 
appearance , approaching hybrids inrnlving C. flava in their parentage. This 
pair of populations is connected with its nearest neighbours (populations of 
the C. 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). 

JH S CUSSION 

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 flava agg. 
However, differences have been ascertained concerning the habitat character
istics. 

The localities of Carex flava (including var. alpina) fall the height span 
of 180 to 1800 ma. s . .L. , 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 Czechoslovak samples exhibit higher 
values of both characteristics. SCHMID (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 
releves were recorded at each locality (Tab. 6). In accordance with higher pH 
and Ca2+ values, the releves 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 Ca2 + 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 viridula, brachyrrhyncha, 
alpina andflava. 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. SCHMID (op. c.) published identical pH amplitude for 
this tax on. 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 JoRDANOV et al. (1975). In addition to C. lepidocarpa the following 
species were recorded there: Cladium man:scus, Carex acutiformis, C. echi
nata, C. nigra, C. panicea, C. paniculata, C. serotina, Eleocharis palustris , 
Eleocharis pauciflora, Eriophorum latifolium, Schoenus nigricans var. inter
medius, Triglochin palustre. 2 ) 

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 habita,t disappears very fast , 
which is a result of changing methods and intensification of farming. 

Carex tumidicarpa follows 0. 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 {HAVLICKOVA 1983). 

1) SCHMID (1983) published a taxonomic and nomenclatural revision of t he C. flava group in 
Europe, presenting an original biological spec ies concept for the group. This new conception 
is mainly based on karyology and hybridization of Swiss representatives of this group. The spec ie,· 
rank is retained for C. flava and C. viridula ( = C. se,rotina), 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 spec ies are recognized, C. jlava 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. oedocar·pa, and C. viridula subsp. viridula in the Schmid con
ception. 

2) During revision of the chstribution of C. lepidocarpa in Bulgaria, it became clear that t he1e 
is a discrepancy between the data from literature and the herbarium material. The dis tribution 
of C. lepidocarpa (as C. flava ssp. lepidocarpa) is characterized as "widespread" i:n the Flora 
of Bulgaria (JORDANOV 1964), while C. flava is reported to be confined to two regions. This 
is predominantly based on the work of AcHTAROV (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 conclus ion. 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 t he following locali ties of 
C. lepidocarpa were only ascertained: Sofijsko, Vasilovci (ea 400 m a.s.l.); Sipcenska p lanina, 
Usana; Samokov: Prodanovci and Chrelovo (ea 1000 m); Pirin, meadows below Hazlog (ea llOO 
m). VELENOVSKY (1881) gives C. lepidocarpa also from the calcareous grasslands along the Mat'ica 
river at Sadovo. We have visited the Vasilovci and the Sadovo localities but we failed to find 
suitable habitats for this species in both strongly agricultura lly changed regions. At Usana and 
Razlog we found only C. flava var. flava. 
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Tab. 8. - Phytosociological releves with Carex lepidocarpa TAUSCH 

E2 
Salix rosmarinifolia L. 
Ei 

R eleve 

Carex lepidocarpa T AUSCH 
Carex hosteana DC. 
Carex panicea L. 
Molinia caerulea (L.) MOENCH 
Potentilla erecta (L.) R.AuscHEL 
Agrostis stolonifera L. 
Briza media L . 
Carex davalliana SM. 
Carex rostrata STOKES 
Cirsium palustre (L.) ScoP. 
Epipactis palustris (L.) CRANTZ 
Equisetum palustre L. 
Eriophorum latifolium HoPPE 
Galium uliginosum L. 
Juncus conglomeratus L. 
Lythrum salicaria L. 
M entha arvensis L. 
Phragmites australis 

(CAv.) TRIN. ex STEUDEL 
Prunella vulgaris L. 
S uccisa pratensis MoENCH 
Valeriana dioica L. 

2 

2 
1 1- 2 
1 1 
2 1 
1 1 
+ 
+ 

+ 
+ 

+ 
r r 

1 
+ + 

2 

+-1 
+ 

3 4 

2 1 
1 1- 2 
1 + 
1 

+ 
+ 

+ 
2 

2 1 
+ 

2 
1 
1 

+ 
1 

+ 

Species occurring in one releve only: 1: Centaurea jacea L. I; Galium verum L . l ; J uncus subnodu
losus SCHRANK 1; Linum catharticum L. + ; Parnassia palu.<Jtris L . + ; 8choenuB f errugineus L . 
2; 2: Carexflava L. l; Carex serotina MEE.AT l; Triglochin palustris L. l; 3: Carex echinata Mu B.&AY 
+ ; Cirsium oleraceum (L.) ScoP. l; Juncus articulatus L . +; Lychnis.flos-cuculi L . 1- 2; Tussilago 
farfara L. I ; 3: Agrostis capillm·is L. + ; Crepis paludosa (L .) MOENCH + ; Pingiticit!rt vulgaris 
L. + ; Primula f arinosa L . I ; Tofietdia calyculata (L.) WAHI~ENB. 

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 distinct from each other within the C. flava complex. 

The results of CA and ANOV A 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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Tah. 9. - Pl1ytosoc iological relev<;s ..,,·iMi Carex turnidimrpa ANDERSS. 

Relevf. 

Cr1.re:c tumidicurpn ANDEH.Rf;. 

Care:t: panicert, L . 
Prmiella. vulg(/,ris L. 
Agrostis slolonifem L. 
Antho.canihum odrl'l'utum L. 
Carex leporin(( L. 
Carex n igm (L. ) REH'HAJ:W 

Carex p((,llescens L . 
J uncus articitlatus L . 
L otus cornicitlatus L . 
Myosoiis n emorosu, BESSER 

Pl<intngo major L. 
Poa. pmtensis L . 
Potentilla erecta (L. ) RA.usCHEL 

Ranunculus repens L . 
'.l'rifolium repens L . 
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f::lpec ie:o; occurring in on e ie leve 01. ly: 27: Care:i:: hirtu L. l ; D esch{/,mpsia j le:uuosa (L .) TRCN. 2; 
Equisetum palustrc L . l ; L inwn crithurticum L. r ; Lychnis flos-cuculi L . 2; Mentha longijolia (L.) 
H U DRON + ; Potentilln anserino L. ' ; 'I' i·ifoliitm pmtense L . 2; 28: Cirsium prrlustre (L.) ScoP. 
+ ; D eschumpsia cespitosa (L .) BEA UV. + ; I solepis setrrcea (L.) R. BR.. 1;; Jitnc·us bulbosus L . 1; 
.funcus e,ffusus L. l ; L eontodon uuturnnalis L. + ; Ranwnculits flarnmulu L . 2; l 'eronica serpyll i
fol ia L. 2; 29: Agro:Ytis ca.pillw·i3 L. 2; Rriza m edin L . + ; Ca.rex pilu l(f61Yt L. r; Cr1lycocor"'us st·i
pitatits (J ACQ.) RAUSCHEil.T r - + ; Cir.)ium conum L . 2; Cynosurits cristatu8 L . + ; H omogyne 
nlpin(/, ( L .) CASS . + - 1; Titssilngo frrrf(/,ru L . 2. 

In comparin g t he results of morphological and karyological analyses (see 
Fig. 8), we ha\-e arrived at conclusion that there is a correlation between 
the chromosome nurn her and phenetic varia tion within a given t axon. 

The above results suggest that the interpopulational variability was under 
influence of t he genotype variation to an ext ent gr eater than that of the 
variability of t he macrohabitat factors . 

Analysis of variance showed that t he main source of the O\rerall variability 
within a species was t he intrapopulational variation , which applies to all 
t he species concerned. P articularly, it is apparent in the case of veget ative 
features of C. flava, C. lep idocarpa and C. tumidicarpa , while C. serotina was 
characterized by a higher proportion of the wit hin population variability 
of the perigynium traits. 

Let us co mpare t he above results with t hose published by SCH MID (op . 
varia) on the basis of the Swiss mat erial. ·w e can quote the relevant para
graph : " In an evolutionary context the most important result reported here 
is t hat , wit h the exception of flava-alpina, patterns of both phenotypic and 
genetic variation of the C. flava group are charact erized 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 
populat ion sizes decrease from flava to viridu la 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. SCHMID 
(1986a) characterizes Swiss populations of C. serotina as being "smaller and 
genetically more isolated. " However, particularly at the Bulgarian localities, 
C. serotina formed large populations, often with more than 100 individuals. 

At the localities with a common occurrence of C. serotina and another re
presentative of the C. flava group, hybridization often took place giving rise 
to incompletely sterile F 1 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 (cf. DOOLITTLE 1987). Schmid 
analysed approximately five to six individuals 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 karyologica] , 
morphological and ecological variability of 31 populations of the Carex 
/lava complex in Bulgaria and Czechoslovakia: · 
1. 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 0. 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 pfispevku je poclan rozbor vzajemnych vztahu m ezi morfologickou variabilitou, poctem 
chromosomu a ekologickymi faktory stanovis£ u vybranych populaci komplexu Carex flava agg. 
na uzemi Bulharska a Ceskoslovenska. (Jedna se o taxony C. flama L. var. flava, C. flava var. 
alpina KNEUCKER , C. lepidocarpa TAUSCH, C. tumidicarpa ANDERss. a G. serotina MERAT). Vysled
ky, ktecych bylo dosa:leno, lze shrnout do nasledujicich bodu: 

1. Za pomoci analyzy variance bylo zjisteno, ze shodne u vsech studovanych druhu komplexu 
se na jejich celkove variabilite podili ve vetSi mife prorrenlivost zjistena uvnitr populaci nez pro 
menlivost mezi populacemi. 

2. Bulharske a ceskoslovenske populace v ramci jednotlirych taxonu n evytvafely ani v jed
nom ze sledovanych morfologickych znaku vyrazneji separovane skupiny. 

3. Nebyla zjistena zavislost variability morfologickych znaku na sledovanych vnejsich fak 
torech stanovisf (nadmorska vyska, pH, obsah ca2+ iontu v pudnich vzorcich, m akroklimaticke 
rozdily). 

4. U sledovanych p opulaci (v ramci jednotlivych druhu) byla zjistena korelace mezi varia
bilitou morfologickych znaku a chromosomovych poctu. 

5. Z hlediska ochrany genofondu n ejvice ohroieneho clruhu teto skupiny - C. lepidocarpa, 
bylo dulezitY'm vysledkem teto studie rovnez zjisteni, ie hodnoty varianc9 pro jednotlive znaky 
u tohoto taxonu byly srovnatelne s hodnotami zjistenjrni u ostatnich, mene ohroienych druhu 
skupiny (napr. u druhu C. /lava, ktery jak morfologickY'mi, tak biologickY'mi vlastnostmi stoji 
n ejbliie druhu C. lepidocarpa). Jestlize vezmeme v uvahu i fakt, ze zdrojem celkove variability 
t ohoto druhu je pfedevsim vnitropopulacni promenlivost, pak lze pfodpokladat, ie pl-i zachovani 
dostatecne sirokych populaci na soueasnych lokalitach so ubytek vhodnych biotopu pro tento 
druh nemusi negativne projevit na zachovani sire jeho celkove variability. 
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Polhill Diana: 

Flora of Tropical East Africa 

Index of collecting localities 

R eceived 16 February 1989 

Royal Botanic Gardens, Kew Hl88, 398 str., 1 mapa. (Kniha je v knihovne CSBS.) 

Vedecky vyzkum tropicke africke kveteny zaeal pfed dvema sty lety. Jeho pionyry byli dansti 
lekari P. E. Isert a P. Thonning, kte:H na uzemi dnesni Ghany sebrali 2000 herbaforych polozek, 
z nichz je 474 typovych poloiek pro nove popsane druhy. Hutchinsonova Flora Zapadni Afriky 
mela proto jisty pfedstih; jeji clruhe vydani bylo dokoncene jiz v r. 1972. Uspechem byla take 
kvetena nekdejsiho belgickeho Konga. Zvla.stni misto v botanice tropicke Afriky zaujima mrioho
svazkova Flora tropicke vychodni Afriky, ktera pokrY'va uzemi dne8ni Tanzanie, Kenia Ugandy. 

Jako dulezity doplnek k teto kvetene vychazi nyni index lokalit, z nichZ by ly sebrany herba
fove polozky anebo jez jsou jmenovany v itinerafich vychodoafrickych floristu. Recenzovana 
kniha je vlastne jiz druhym vydanim starsiho seznamu z r. 1970 a vychazi z kartoteky zalofone 
J.B. Gilletem na zaMt.lm celeho projektn kveteny. 

Evropsti botanikove znaji potize, ktere vyvolava cteni herbaforych sched a identifikace na
lezist starsich botanikl'i. To se jevi zvlast vyrazne ph floristickem mapovani v uzemich, ktera 
byla osidlena nekolika narodnostmi anebo prodelala zmeny v osidleni. V Africe jsou tyto potize 
mnohem vetSi. Na uzemi dnesnich statt'.l ziji zpravidla desitky etnik, jez maji svi'.lj jazyk a po
chopitelne i sva topograficka jmena; potiz se stup11-uje pfi p :fopisu techto lokalnich jmen do ne
ktere ,lingua franca ', jakou je ve vych. Africe v soucasne dobe anglictina. Toponyma vznikaji 
u vsech narodu podobnym zpusobem - jako ustaleni obecnych jmen - a proto pfi velkem 
poctu kmenovych jazyku vznikla ve vych. Africe pocetna synonyma a homonyma. Stare mapove 
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nacrty a plany json rozptylen e v muzeich a p oclrobne mapy jsou v teto oblasti k di spoz ici teprve 
od uruhe poloviny naseho stoleti; take toto zpoZ<.Urn.i de la africkym fytogeografum potifo. 

Mi'iZem c tedy gratulovat afr ickym botanikl'.nn k publikaci, ktera znacne usnadni identifikaci 
starych i.idaj l'.1 a vypomuze pi'i spravne lokali zaci U.tlaju n ovych. Roucasti knihy je skladaci mapa, 
na niz je vychodni Afrika rozdelena - s ohledem na suverenni staty - na provincie (kraje ) 
a <listrikty (okresy); i pii jejim malem mel-itku je to nesmirna poml'.wka pro toho, kdo se oc itne 
v torn to uzemi na krat I~e expedici. VJastni text pak tvofi abecedni seznam toponym s uvedenim 
provincie, clistriktu, zemepisnych soufactnic a jmena sberatele, kt.ery lokalitu uvadi na schede 
nebo ve Rvem itinerari. Po:l-adatelka tol10to indoxn udela la mnoho pracc pfi celkovem zmnozeni 
a doplneni tohoto seznamu a hlavne pi'i ujednoceni p fopisu toponym i zpfosneni jejich lokalizaeo. 
Pfi tom vyuz ila cetne stare mapy a pisemne rnaterialy, ktere ji poskytla rnuzea i soukromnic i. 

Timto pocinern se <lostava do rukou stale se zmnozujicich pfirodovodct1 dulezity zdroj, kter .Y' 
zabrani mnoha om .dum, vyplyvajicim zejmena z rnnoistvi Rynonym a homonym . ktel'it jRon 
casta v hra.nicnich t'.1zemich jednotlivych narodl'.1 a pohranici dnesnich statl'.l. Index bude jiRt6 
cennym zd rojem pro studie zemepiscu a jazykovedcu, protoie ukazuje frekven ci a di f'frib uc i 
n ekterych hlasek v africkych jazycich . Evropsky botan ik ,·o jiste take pnuci, i krl yz bude ocl rea l i
zace podobneho jednotneho clila - napr" pro sta.ty stfodni Evropy - ji Rto ltodno da lcko . Fyt.o
geografove a geobotanikove si zarove11 uvedomi, jakou zatezi pro rnoderni vecl ll m1'iie byt obrnv:-:ka. 
]iteratura a herbafo citajici polozky v mili6neclt . 

J. Je11ik 
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