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Czechoslovak species of Phyteuma 1. have been surveyed for chromosome numbers,
variation patterns, reproductive biology and capability of hybridization. All material
proved diploid, with n = 11. In addition to this number, n = 12 was also found
in one sample of P. nigrum F. W. SceMIDT. No evidence was obtained as to the possi-
bility of spontaneous autogamy, often referred to in the literature. Artificial autogamy
is possible on a limited scale, resulting in poorly viable seed. Hybridization was suc-
cessful between any two of the three species in either direction and a triple hybrid,
P. nigrum F. W. Scamipr x P. spicatum L. x P. orbiculare L., was also obtained.
A taxonomic revision of the material studied confirmed the presence in Czechoslo-
vakia of the three species previously recognized, P. spicatum L., P. nigrum F. W.
ScamMIDT and P. orbiculare L. The latter is subdivided into three subspecies differring
in their morphology, ecological preferences and geographical distribution. The dis-
tinguishing characters of all these taxa have been re-evaluated and a determination
key is provided.

Czechoslovak Academy of Sciences, Botanical Institute, 252 43 Prihonice, Czechoslovakia

INTRODUCTION

The genus Phytewma L. is distinguished from the other genera in the
Campanulaceae by its densely spicate or capitate inflorescence, curved flower
buds, sessile or subsessile flowers with linear corolla lobes which are connate
in the upper part but become free during florescence, and capsule opening
by lateral pores. It is entirely European in its geographical distribution, the
area of the greatest diversity being the Alps where the vast majority of the
species are concentrated (see ScHULZ 1904, SCHARFETTER 1953).

The concept of the genus was established by LinNarus (17563) who recognized six species:
P. pauciflora 1., P. hemisphaerica L., P. orbicularis L., P. spicata L., P. comosa L. and P. pin-
nata L., of which the latter two are now placed in separate genera, respectively Physoplexis
(Expr.) Scnur and Petromarula VENT. ex HEpWIG fil. The monographer of the genus, ScHULZ
(1904), lists 29 species of Phyteuma, almost all of them subdivided into an elaborate system of
subordinate units from subspecies to formae. Many of them were proposed on the basis of a few
simple characters, which do not correlate well with others, and without understanding of living
material or of habitat and distribution. Apart from Kunz (1940), little attempt has been made
to reconsider these taxa critically, so that additional confusion to the taxonomy of the genus
has been caused, resulting in controversial treatments in various floras. For instance, one
should note the wide divergence of opinion regarding the subdivision of P. spicatum L. or P. or-
biculare L. or the circumscription of some variable species, such as P. globulariifolium STERNB.
et Horpe. In Flora Europaea (DamBorpT 1976), the number of species was reduced to 24 and
very few infraspecific taxa were admitted. The genus as & whole deserves a careful population
and experimental taxonomic study.

Early treatments of the genus in this country have been very confused. From Bohemia alone,
ScuMIDT (1794) reported no less than nine species: P. orbiculare L., P. Charmelii ViLr., P. Mi-
chelvi A1v., P. Scheuchzeri ALr., P. nigrum F. W. ScamMipT (deseribed as new), P. ovatum SCHRANK,
P. spicatum L., P. betonicifolium ViLrL. and P. scorzonerifolium VILL. Of this impressive list of
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names, however, six are obvious misapplications, P. Charmelii, P. Michelii and P. Scheuchzer:
belonging to P. orbiculare, P. betonicifolium and P. scorzonerifolium to P. spicatum and P. ovatum
to P. nigrum. (For a criticism of Schmidt’s approach, see e.g. TauscuH 1828). PouL (1809) re-
cognized four species in Bohemia (P. Scheuchzeri Avn., P. orbiculare 1., P. spicatum L. and
P. Halleri Arvr.), reducing Sehmidt’s P. nigrum to a variety of P. spicatum. The treatment of
the genus in the first complete Czech flora by PreswL et PresL (1819) is a relatively critical one,
including only P. orbiculare L., P. nigrum F. W. Scumior, P. ovatum F. W. Scamipr and P. spi-
catum 1.. Opriz (1852) followed the brothers Presl but listed P. ovatum under the name of P. Hal-
leri Arn. Only Ceraxovsky (1871) excluded this close ally of P. spicatum from the flora of
Bohemia, recognizing merely P. spicatum L., P. nigrum ¥. W. Scamiot and P. orbiculare L.
Czechoslovak species of Phyteuma were first listed by Domin et Popbrizra (1928). No compre-
hensive taxonomic revision of the genus in Czechoslovakia bas ever appeared but distribution
maps for Bohemia and Moravia have been prepared by Vondrovia (Vonprova 1971, VoNpDROVA
in HENDRYCH 1973; P. nigrum and P. orbiculare) and Mlady (Mrapy in KuBAt 1978; P. nigrum
only).

The present work was undertaken to clarify the variation patterns, cyto-
logy, reproductive biology and taxonomy of the genus Phyteuma in Czecho-
slovakia. A large-scale experimental study combined with hybridization
experiments was planned but could not be carried out, partly because of
the involvement of the present author in other research projects and partly
because of the continued decrease of P. orbiculare in this country. This
species, which was to be the chief object of the study, is now on the verge
of extinction in the western half of Czechoslovakia, its habitats being steadily
converted into arable land. In most localities known from the literature
and/or herbarium specimens, only few plants, if any, were found, and a num-
ber of the sites have ceased to exist. It is hoped, however, that even these
incomplete results will contribute to a better undm.xta,mlm,g of the genus.

The three species discussed below fall into two major subdivisions of the
genus as delimited by Scuurz (1904), the section Spicata including P. spi-
catum L. and P. nigrum F. W. Scamiprt. and section Capitata containing
P. orbiculare L. This subdivision of the genus in quite natural but, being
based on one single morphological character, does not necessarily correspond
to separate phylogenetic lines.

MATERIAL AND METHODS

The morphological variation has been studied in terms of population samples rather than
single herbarium specimens, because of the importance of assessing the amount of variation
within populations and comparing this with the variation between populations. A large number
of Phyteuma populations have been studied in the field and considerable quantities of material
were cultivated at the experimental plot of the Botanical Institute of the CSAV at Pruhonice.
Plants easily adapt to cultivation and the majority of the material was in the form of transplants
from natural populations. Field studies of P. orbiculare were conducted in C., W., N. and E. Bo-
hemia, N. Moravia and W. and N. Slovakia. Populations of P. spicatum were sampled mainly
in C. Bokemia, Sumava Mts., Krusné hory Mts., Jizerské hory Mts. and Hlnb\ Jesenik Mts.,
those of P. nigrum in S. Bohemia, Sumava Mts., Krusné hory Mts. and N. Bohemia. Care was
taken to see that the samples came from as different edatopes as possible.

Chromosome counts were determined from squashes of pollen mother cells. For these studies,
young floral buds of the various species were fixed in the standard 3 : 1 absolute ethanol-glacial
acetic acid solution. After a period of 24 hours, the fixative was replaced with 70 9, ethanol
and the vials were stored in a refrigerator until the material could be examined. Voucher speci-
mens will be deposited in PR.

Tab. 1 gives the localities of the population samples used in the present study. Each sample
was assigned a number by which it is referred to in the text. Hyphenated numbers designate
particular individuals; for instance, P140-2 i1s the individual No. 2 from the sample P140. The
meiotic chromosome number is given if determined from the sample in question.
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Tab. 1. — List of topodemes examined

Taxon Number Locality n
P. spicatum P8 Zapadne Beskydy Mts.: Pinetum mughi in 11
the summit area of Mt. Babia hora, 1600 m
P102 Srbsko near Beroun, mixed woodland in the 10
valley of the Bubovicky potok brook, S.
of Doutnac hill, 320 m
P113 Sumava Mts.: Wet meadow N. of Modrava, 11
980 m
P115 Sumava Mts.: Swampy meadow at Velky 11
Bor, E. of Prasily, 880 m
P134 Krusné hory Mts.: meadow S. of Krasny 11
Les, 650 m
P137 Sumava Mts.: Meadows along the Rezna 11
brook, 2.5 km NE. of Zelezna Ruda, 850 m
P139 Sumava Mts.: Meadow at Novy Brunst, 11
NNE. of Zelezna Ruda, 970 m
P143 Sumava Mts.: Holetin, near Kagperské
hory, meadows on the Opolenecky potok
brook, 580 m
P160 Hruby Jesenik Mts.: Dry mountain grass- 11
land on S. slope of Mt. Pradéd, 1300 m
P161 Hruby Jesenik Mts.: Mountain grassland 11
in the Velka kotlina glacial cirque, 1200 to
1300 m
P203 Leskovec nad Moraviei, near Bruntal,
meadow by the Moravice river at Fran-
ktv mlyn, 450 m
P207 Nizky Jesenik Mts.: Meadows along the 11
Opava river SE. of Kunov, near Bruntal,
390 m
P240 Eastern margin of the Kersko wood, near 11
Sadska, 187 m
P254 Strazovska hornatina Mts., beech wood 11
below the summit of Mt. Rokos, 1010 m
P258 Bilé Karpaty Mts.: grassy hillside S. of
V kratkyeh, near Stary Hrozenkov, 430 m
P260 Bilé Karpaty Mts.: Mikul¢in vreh hill,
grassy slope (N.-facing) above Uhliska, 700 m
P272 Krusné hory Mts.: Spring terrain SSW. of 11
Louéné, 980 m
P281 Krusné hory Mts.: meadows at Vykmanov,
near Klasteree nad Ohri, 680 m
P287 Krusné hory Mts.: Meadows along Krimov-
sky potok brook, NW. of Kfimov, 750 m
P312 Jizerské hory Mts.: Meadow S. of Mt. Bu- 11
kovee, near Jizerka, 910 m
P314 Stéchovice, near Prague, spruce forest in 11
the valley of the Vltava river, 1 km E. of
the dam, 230 m
P320 Krusné hory Mts.: grassy roadside in a wood
at the “"Pod Meluzinou’ road junction, near
Straz nad Ohri, 970 m
P321 Krusné hory Mts., Roadside diteh 1 km E. 11
of Ryzovna, near Horni Blatnd, 970 m
P323 Krusné hory Mts.: grassy slope in the valley

of the Rolava brook, 0,56 km of the railway
bridge at Nové Hamry, 700 m
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Tab. 1. (Contd.)

P325 Krusné hory Mts.: Meadows at Jeleni, near
Nejdek, 870 m
P326 Ceské stredohori Mts.: mixed woodland in 11

the Oparenské udoli valley, 1 km E of Ci-
safsky mlyn mill, 190 m

P328 N. Moravia: eastern part of the Hnévo- 11
sicky haj wood, near Opava, 280 m

P330 Slavkovsky les Mts.: Grassy roadside S. of
Pluhuv bor wood, near Mnichov, 680 m

P. nigrum F, W, ScEMIDT P112 Sumava Mts.: Wet meadow N. of Modrava,
980 m
P124 S. Bohemia: Tyn nad Vltavou, dry grass- 11

land in the valley of the Bilinsky potok
brook, near U Béirtu, NNW. of Vesce, 360 m

P126 S. Bohemia: Grassland SW. of Chotycany 11
railway station, near Ceské Buddjovice,
520 m

P136 Sumava Mts.: Meadows along the Reznd

brook, 2,5 km NE. of Zelezna Ruda, 850 m

P140 Sumava Mts.: Holetin, near Kasperské
Hory, meadows on the Opolenecky potok
brook, 580 m

P142 Sumava Mts.: Zdikov, meadow on road to 11
Vimperk, 780 m
P145 Sumava Mts.: Kubova Huf, meadow on 11

road to Horni Vltavice, 980 m

P148 Sumava Mts.: Volary, meadows NE. of 11
the town, 790 m

P150 S. Bohemia: Lhenice, near Netolice, meadow 1
on road to Vadkov, 570 m

P152 S. Bohemia: Novohradské hory Mts., grassy 11
roadside in a wood NE. of Hufsky rybnik
pond, near Pohorskd Ves, 780 m

Pl154 S. Bohemia: Obora wood near Protivin, 11
E. margin, 400 m

P156 S. Bohemia: Vraz near Pisek, grassland 11
near Novovrazsky rybnik pond, 420 m

P274 Krusné hory Mts.: Dolina near Prisec¢nice, 11
meadow on road to Médénee, 780 m

P280 Krusné hory Mts.: meadows at Vykmanov,

near KlaSterec nad Ohri, 680 m
P286 Krusné hory Mts.: Meadows along the Kii-
movsky potok brook, NW. of Krimov, 750 m

P298 Krusné hory Mts.: Meadows NE. of Ruso- 1T
va. 810 m
P299 Krusné hory Mts.: Meadows E. of Prisec- 11

nice, 720 m

P306 N. Bohemia: Dolni Zleb, near Dééin, dry 11,12
grassy slope (E.-facing) above the Elbe
river, 130 m

P315 C. Bohemia: Mixed woodland in the valley 11
of the Vltava river N. of Hrazany (distr.
Pribram), 270 m

P324 Krusné hory Mts.: Meadows at Jeleni, near
Nejdek, 870 m

P329 Slavkovsky les Mts.: Lobezsky potok valley,
near Sokolov, small meadow SW. of Lobez-
sky vrch hill, 620 m
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Tab. 1 (Contd.)

P. orbiculare L.
subsp. orbiculare

P. orbiculare L.
subsp. montanum R. ScHULZ

P. orbiculare L.
subsp. flexuosum R. ScHULZ

P331

P104

P105

P110

P118

P120

P129

P130

P133

P164

P12

P16

P80

W. Bohemia: Skalka, near Cheb, grassy
roadside on road to Cheb, 450 m

C. Bohemia: Bilichovské udoli valley, near
Bilichov (distr. Kladno), in moist alder
wood, 390 m

C. Bohemia: Small meadow 1n a wood on
road from Kozi Hory to Hranice game-
keeper’s house, S. of Novy Knin, 440 m

C. Bohemia: Dry grassland between Lysa
nad Labem and the Mlynafice irrigation
canal, 180 m

E. Bohemia: Kukle near Svitavy, small
meadow on road to Snéznik hill, 560 m
W. Bohemia: Moist alder wood (spring ter-
rain) just south of a road junction (point
497 m) between Téskov and Volduchy, near
Rokycany

W. Bohemia: Myto, near Rokycany, dry
grassland between Stépansky rybnik pond
and Loulin mill, 450 m

C. Bohemia: Olesn4, near Horovice, meadow
on road to Jivina, 500 m .
Krusné hory Mts.: Krasny Les, near Usti
nad Labem, meadows S. of the village,
650 m

W. Bohemia: Dolni Béla, near Kazndjov,
thickets at Spaleny mlyn mill, on the Béla
Béla brook, 450 m

N. Moravia: Leskovee nad Moravici, near
Bruntal, meadow by the Moravice river at
Frankuv mlyn mill, 450 m

Bilé Karpaty Mts.: Grassy hillside S. of
V kratkych, near Stary Hrozenkov.430 m
Bilé Karpaty Mts.: Mikuléin vreh hill,
grassy slope (N.-facing) above Uhliska,
700 m

Prague: Pisnice, Vrtilka meadow SW. of
the village, 310 m

C. Bohemia: Alder grove just E. of Novy
rybnik pond, near Loucen (distr. Nym-
burk), 230 m

C. Bohemia: Tttice, near Nové Straseci,
swampy meadow S. of the village, 420 m

N. Moravia: Hruby Jesenik Mts., rocky
slope in the Velka kotlina glacial cirque,
graphitic phyllite, 1200 —1300 m

E. Slovakia: Slovensky raj, limestone rocks
at Zelezné vrata, on the Hornad river, near
Spisska Nova Ves, 620 m

E. Slovakia: Slovensky raj, limestone rocks
in the Hnilec river valley, W. of Stratend,
850 m

N. Slovakia: Cho¢ské pohorie Mts., rocks in
the summit area of Mt. Ostrd, limestone,
1765 m

11

11

11

11

11

11

11

11

11

11

11

11
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L ARIe 4 \WIELULL. )

P264

P268

P x adulterinum WALLR. P138
Pll4

Pl41

N. Slovakia: Nizke Tatry Mts., rocks in the
summit area of Mt. Krakova hola, lime-
stone, 17563 m

N. Slovakia: Mala Fatra Mts., SE. slope of

Mt. Velky Rozsutec, limestone, 1450 m

N. Slovakia: Baba hill, near Svit, limestone
rocks in a pine wood, 800 m

W. Slovakia: Strazovska hornatina Mts.,
limestone cliffs on Cihoe hill, near Horné
Vestenice, 820 m

W. Slovakia: Strazovska hornatina Mts.,
meadow In the summit area of Mt. Rokos,
1010 m

E. Moravia: Bilé Karpaty Mts., grassy hill-
side S. of V kratkych, near Stary Hro-
zenkov, 430 m

E. Moravia: Bilé Karpaty Mts., Mikulé¢in
vreh hill, grassy slope (N.-facing) above
Uhliska, 700 m

W. Slovakia: Biele Karpaty Mts., mestone
rocks in a saddle S. of Chmelova hill, near
Vrsatské Podhradie, 850 m

W. Slovakia: Biele Karpaty Mts., limestone
rocks at Vrsatee ruin, 750 m

W. Slovakia: Strazovska hornatina Mts.,
meadow in the summit arca of Baske hill,
limestone, 955 m

Sumava Mts.: Meadows along the Rezna
brook, 2.5 km NE. of Zelezna Ruda, 850 m
Sumava Mts.: Wet meadow N. of Modrava,
980 m

Sumava Mts.: Holetin, near Kasperské Ho-
ry, meadows on the Opolenecky potok brook,
580 m

Krusné hory Mts.: Meadows at Vykmanov,
near Klisterec nad Ohri, 680 m

Krusné hory Mts.: Meadows along the Kri-
movsky potok brook, NW. of Krimov,

750 m

11

CYTOLOGY

The results of the chromosome number studies (see Tab. 1) may be sum-

marized as follows:

1. In all the species examined, the meiotic chromosome number n — 11.
2. The material under study is nearly uniform in its chromosome numbers.
The only exception is P306 (P. nigrum F. W. ScumipT) in which, besides
n = 11, also the gametic number of n = 12 was found. It should be noted,
however, that both the numbers occurred in the same anther — a case of
mixoploidy. It might be interesting to investigate the behaviour of the
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n 12 pollen grains and their role in pollination. The possibility cannot
be excluded that whole mixoploid individuals exist in natural populations
of Phytewma nigrum. On the other hand, no variation in the chromosome
number was observed in the polymorphic P. orbiculare L. and P. spicatum L.

3. There is no evidence of polyploidy, not even in geographically separated
and morphologically clear-cut populations, such as P164. This is remarkable,

a . b e
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AL LY
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g, 1. Pollen mother cells of Phyteuma species: a, P. spicatum (metaphase I), n —= 115 b,
P. nigrum (metaphase I1), n 12; e, P. orbiculare subsp. orbiculare (metaphase II), n - 11,

Scale: 10 pm.

for in the related genus Campanula nearly all variable species contain poly-
ploid series (see e.o. Gaperra 1964, Kovaxpa 1970a, 1970b, 1977).

4. Meiotic behaviour was quite normal in all cases studied, leading to high
pollen fertility.

5. The chromosomes of all three species are small and appear to be of
fairly uniform size, although no attempt has been made to analyze their
structure in detail.

These findings are, for the most part, in accordance with the results of
previous chromosome number studies, including those by the present
author.!) Both meiotic and mitotic chromosome numbers are available.
OcHLEWSKA (1965) and PorarscHER (1966) examined plentiful material of
P. spicatum L. and P. orbiculare L. from Poland and Austria, respectively,

and reported 2n — 22 as the somatic chromosome number. Both these
authors have observed B chromosomes fairly often, the first in P. spicatum,
the latter in P. orbiculare. For P. spicatum, the number of 2n = 22 (or

n = 11) has also been ascertained by GApELLA et Kuirnuis (1968; B chromo-
somes reported) and MAJjovsky et al. (1974), for P. nigrum by GADELLA
(1966; cultivated material of unknown origin), for . orbiculare by RiTTER
(1974). Discordant chromosome number reports include: for P. spicatum,
n = 12 and 2n = 24 (CoNTaNDRIOPOULOS 1962), for P. nigrum, 2n = 26
(SUGIURA 1941, 1942b: cit. sec. Feporov et al. 1969), for P. orbiculare,
n — 12 (TiscHLER 1950), 2n — 24 (Baksay 1956, CONTANDRIOPOULOS 1962,
GApELLA 1966, NILssoN et LARSEN 1974), 2n — 26 [Suciura 1942a (cit.
sec. FEDOROV et al. 1969)], Baksay 1956). The report of n = 18 for P. spi-
catwm (ARMAND 1912; cit. sec. OCHLEWSKA 1965) is obviously in error.
Occasional doubling of the chromosome number has been observed by
OcHLEWSKA (1965) in root meristems of . spicatum. So far, this is the only

1) In Flora der Schweiz (Hess, LANpoLT et Hirzer 1972), the first chromosome count of
n = 11 for P. nigrusm F. W. ScuMipT of known wild origin (Kovaxpa in Love 1970) is ascribed
to Jackson (Jacksox in Love 1970) who does not appear to have ever worked with Phyteuma.
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indication of polyploidy in the genus Phyteuma (see FAVARGER 1953, CoNT-
ANDRIOPOULOS 1962, OCHLEWSKA 1965, PoLATsCHEK 1966). P. campanu-
loides B1EB., for which the polyploid number of 2n = 102 has been pub-
lished (Suciura 1940, 1942b; cit. sec. FEDOROV et al. 1969) is actually
Asyneuwma campanuloides (Biep.) BorxmM. With chromosome numbers now
available for nearly all species of Phyteuma, it may be concluded therefore
that polyploidy has not played any role in the differentiation of the genus.
Apparently, this operated solely on the basis of dysploid changes in the
chromosome number (see also POLATSCHEK 1966)  — a situation not paral-
lelled in any other genus of the Campanulaceae which has been subjected
to detailed cytological investigation.

LIFE FORM AND DURATION OF PLANTS

All three species are hemicryptophvtes, with the roots alone surviving
the winter. In cultivation, they proved short-lived perennials. None of the
plants transferred from natural habitats, which were understandably of
different age, lived more than five vears. In the absence of a rhizome, this
is not surprising.

BREEDING BEHAVIOUR

The three species examined are sexual, as is the whole genus and the vast
majority of the Campanulaceae. There is no indication of apomictic behav-
iour or cleistogamy. Effective reproduction is by seed which is produced
regularly in quantities every year. Vegetative propagation is impossible, ex-
cept by the establishment of root cuttings in cultivation.

FLORAL BIOLOGY

The floral biology of Phyteuma has been a much debated topic. In P. spi-
catum it was studied by SPRENGEL as early as 1793. His accurate observa-
tions have been supported by a number of authors (see e.g. KERNER 1891,
KIRCHNER 1897, ScHULZ 1904) and are also confirmed on P. nigrum and P. orbi-
culare in the present study. The flower mechanism may briefly be described as
follows: In the bud, the five thin corolla lobes are coherent to form a narrow,
curved (very conspicuously in P.orbiculare, less so in P. spicatum and F. ni-
grum) tube closed at the apex. The upper part of the tube is occupied by the
closely packed introrse anthers, surrounding the top of the style. Pollen
(light yellow in P. spicatum, violet in P. nigrum and P. orbiculare) is shed
before the flower opens. The corolla lobes then begin to separate in their
lower parts and bend outwards together with the filaments, thus forming
a dome above the ovary. In this way the lobes get contracted, allowing the
elongating style to push through the tube and to drive the pollen out. After
a period of time, when the pollen has been collected by the insects, the
threadlike, papillose stigmas begin to spread out. The separation of the cor-
olla lobes continues up to the top of the tube, until finally they get free and
fall back. By that time the stamens are withered and stigmas fully unfolded.

Flowering is in May and June in all three species, extending into July
in mountain habitats. The flowers of Phyteuma are nectar flowers, with
nectar produced by an epigynous disc. Whereas the pollen is freely exposed
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Tab. 2. — Seed set following isolation

Taxon Individual Seed set
P. spicatum P240-6 s
P. nigrum P154-10 —
P. orbiculare
subsp. orbiculare P120-2 —
subsp. montanum P164-3 =
subsp. flexuosum P251-6 —
Scoring code: — none
+ poor
+ 4 moderately good
-+ + good

and available to virtually any insect, the nectar is well protected by the
dilated and ciliate bases of the filaments. Yet it seems that it is primarily
the nectar that the flowers of Phyteuma are visited for, bees, humble-bees,
butterflies and flies being the most frequent clients. It might be interesting
to investigate the nutritional value of the pollen and its part in insect diet.

AUTOGAMY

The mechanism described above has clearly developed to facilitate cross-
pollination and to prevent self-pollination. As in Campanula, there has been
much speculation about “emergency self-pollination™ (where the stigmas
should roll down so far as to touch the surface of the style where the remains
of the pollen might be deposited), and reports to that effect are perennially
copied from one textbook to another. In the absence of any experimental
evidence, it was decided to test this hypothesis on the material in cultivation.
Whole inflorescences were isolated in paper bags and left thus until free-
pollinated plants grown in the same conditions produced ripe seed. No
seed-setting was observed in the isolated plants (see Tab. 2). Nor did any
seed-setting take place in plants of P. orbiculare (P120 and P315) trans-
ferred to the laboratory and left to their own devices. On the other hand,

Tab. 3. — Seed set following artificial autogamy
Taxon Individual Seed set
P. spicatum P240-6 —
P160-10 +
P. nigrum P124-3 —
' P150-4 —
P154-6 =t
P306-2 +
P. orbiculare
subsp. orbiculare P120-4 +
P129-8 +
subsp. montanum P164-12 -
P164-14 —
subsp. flexuosum P250-4 =
P262-9 +

Scoring code as in Tab. 2.
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Tab. 4. — Interspecific crosses of P. spicatum (9)

Taxon Individual Taxon Individual Seed set
P. spicatum P160-5 X P. nigrum P152-1 + 4+ +
P102-9 X P. orbiculare subsp. montanum P160-3 + 4+ +
P160-5 X P. orbiculare subsp. montanum P164-14 +
P161-3 e P. orbiculare subsp. montanum P264-4 + 4+ +
P207-6 x P. orbiculare subsp. montanum P264-3 + 4 4
P102-9 b P. orbiculare subsp. flexuosum P250-4 ++ +
P161-2 X P. orbiculare subsp. flexuosum P250-4 ++ +
P240-6 b4 P. orbiculare subsp. flexuosum P250-4 + 4+ +
P240-7 X P. orbiculare subsp. flexuosum P250-4 + 4 4+

Scoring code as in Tab. 2.

self-pollination experiments effected with another lot of individuals demon-
strated that autogamy is possible, albeit on a limited scale (see Tab. 3).
The number of morphologically good seed varied from 0 to 3 per capsule.
Because of the limited number of plants, the results of the isolating and
selfing experiments are admittedly of a rather tentative nature.

A certain amount of autogamy (and of geitonogamy as well) probably
takes place in natural populations. An insect visiting a fully developed in-
florescence can well transfer the remains of the pollen sticking among the
hairs on the surface of the style to the stigmas of the same flower, or carry
fresh pollen from one flower to another in the same inflorescence. It remains
to be ascertained whether the selfed progenies survive in the outbreeding
populations or whether they are eliminated by natural selection.

HYBRIDIZATION

Although many spontaneous interspecific hybrids (many based on single
herbarium specimens; see e.g. ScHULz 1904) have been reported in Phyteuma,
no attempt has previously been made to study these in more detail or to
produce them artificially. In the present research programme, special atten-
tion was paid to natural hybrids, and a series of artificial crosses was carried
out to determine the degree of genetic relationships among the species
studied. All potential hybrid combinations were realized and reciprocal
crosses were also made. As the hybrid between P. nigrum and P. spicatum
(both belonging to the same section) is of common occurrence in nature,
the hybridization experiments were focused on crosses among members of
different sections. The possibility of spontaneous self-pollination not having

Tab. 5. — Interspecific crosses of P. nigrum (%)
Taxon Individual Taxon Individual Seed set

P. nigrum P152-1 B P. orbiculare subsp. orbiculare P120-2 “++ +
P156-9 3 P. orbiculare subsp. orbiculare P271-7 +++
P156-9 X P. orbiculare subsp. orbiculare P135-2 ++ 4
P150-4 X P. orbiculare subsp. montanum P164-3 + 4+ +
P152-1 = P. orbiculare subsp. flexuosum P251-6 ++ +
P154-6 X P. orbiculare subsp. flexuosum P251-6 —
P306-2 4 P. orbiculare subps. flexuosum P262-2 + 4+
P154-6 X P. spicatun P160-5 + 4+ +

Scoring code as in Tab. 2.
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Tab. 6. — Interspecific crosses of P. orbiculare ()

Taxon Individual Taxon Individual Seed set
P. orbiculare subsp. orbiculare P120-1 4 P. nigrum P124-3 + 4+ 4+
P120-1 -4 P. nigrum P152-1 44
Pil133-6 < P. spicatum P207-4 + + 4+
P133-6 X P. spicatum P160-5 + 4+ +
P120-7 * P. spicatum P160-5 + + +
P120-4 5 P. spicatum P207-4 + + 4+
P129-8 % P. spicatum P160-5 + 4+ +
P271-7 X P. spicatum P160-5 + + 4
subsp. montanum P164-14 o4 P. nigrum P150-7 + 4+ +
P164-10 P. spicatum P160-5 + ++
P164-10 P. spicatum P102-9 + ++
P164-12 P. spicatum P102-9 + 4+
P164-15 P P. spicatum P240-8 + 4+
P164-15 P. < adulterinum P141-1 + +
subsp. flexuosum P250-4 P. nigrum P154-3 + 44
P259-3 > P. nigrum P154-3 + 4+
P262-2 P P. spicatum P207-5 4 4
P262-2 X P. spicatum P160-5 -+ + -+
P262-9 X P. spicatum P102-9  + 4+
P268-3 * P. spicatum P207-4 + 4+
P251-6 P. spicatum P207-5 —

Scoring code as in Tab. 2.

been proven (see abov-), the flowers were not emasculated but care was
taken to zev that the pollen of the donor was not contaminated with that of
the mother plant. The method of isolation was the same as in the selfing
experiments referred to above. The results are summarized in Tab. 4 —6.
It will be seen that of the three species involved, each produced hybrids
with all of the remaining two in either direction. Out of 38 interspecific
crossings, 36 were successful, resulting in a fair amount of viable seed. The
two failures may be due to unsuitable time chosen for the crossing (stigcmas
not yet or no longer receptive) rather than to intrinsic incompatibility.

The hybrid P. nigrum x P. spicatum (P. x adulterinum WALLR.) arises
spontaneously wherever the two species occur together in one habitat and
was also produced in the present study (see Tab. 4, 5). No disturbances in
the meiotic chromosome pairing were observed, suggesting that the two
genomes are largely homologous. Back crossing with either parent was suc-
cessful and a triple hybrid, P. orbiculare x P. x adulterinum, was also ob-
tained (see Tab. 6).

Except for the doubtful report of the hybrid P. nigrum x P. orbiculare
from S. Bohemia, which will be further discussed below, no hybrids between
the two sections of Phyteuma have been reported (see e.g. ScHULzZ 1904).
The results of the crosses involving P. orbiculare (including all three sub-
species; see Tab. 6) are therefore surprising but, in the light of the cyto-
logical information now at hand, not entirely unexpected. Interestingly,
even taxa widely separated geographically, with no possibility of gene ex-
change in nature, such as P. orbiculare subsp. flexuosum R. ScHULZ and
P. wigrum ¥. W. Scamipt, proved crossable. The ease with which the two
major subdivisions of Phyteuma hybridize would suggest that their taxo-
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nomic value as sections is perhaps overestimated, but, pending a critical
revision of the whole genus, any re-arrangement of their species contents
would be useless.

The putative intergeneric hybrid Campanula Hausmannii REICHENB. fil.
[Campanula barbata L. x Phyteuma hemisphaericum L.; syn. Fockeanthus
Hausmannit (ReE1cHENB. fil.) WEHRHAHN; see REICHENBACH fil. 1877, W EHR-
HAHN 1931] probably belongs to the realm of fantasy. It seems to be clear
from the diagnosis (RErcHENBACH fil. l.c.) that the individual was a mon-
strosity of P. hemisphaericum L. with a proliferating inflorescence.

It is hoped that a more detailed study of Phyteuma hybrids will be pub-
lished later. Additional observations on the spontaneous hybrids will be
found in the taxonomic part of this paper.

SOME USEFUL MORPHOLOGICAL CHARACTERS

When flowering in the field, the three species are easily distinguished by
their morphology but in certain stages of development or in herbarium
material the species limits may sometimes be blurred, making certain identi-
fication difficult. Even so distinet a species as P. orbiculare is sometimes
mistaken for P. nigrum, as are also certain forms of P. spicatum.

The following survey is intended to define some distinguishing characters
with more precision and to draw attention to those which have been
neglected.

Root

All Phytewmas are perennials with stout, fleshy roots emitting innovation
shoots from the axils of cataphyllary leaves. The roots of P. orbiculare are
basically fusiform and not conspicuously thickened, those of P. spicatum
and P. nigrum are swollen and are usually described as napiform (see e.g.
Havex 1915, DamBoLDT 1976) but their shape varies considerably, often
assuming a ltizarre appearance. In Central Europe, roots of P. spicatum
were at one time used a vegetable.

Leaf

The diagnostic description of the leaves — both basal and cauline —
presents serious difficulties because no two successive leaves on an individual
are equivalent in terms of morphology, resulting in confused and sometimes
contradictory descriptions. Only leaves of the same order may be com-
pared, and this is virtually impossible in natural populations. All Phyteumas
are heterophyllous and the rate at which the basal leaves become trans-
formed into cauline ones is different in different species. Of the three Czecho-
slovak species, heterophylly is most pronounced in P. orbiculare but is some-
what less conspicuous in P. spicatum.

Basal leaves are always petiolate and do not normally wither before the
onset of flowering. The length of the petiole, if combined with other features,
is a valuable taxonomic character separating the three subspecies of P. orbi-
culare, the longest petioles being diagnostic of the type subspecies. In P. or-
biculare, the basal leaves are numerous (up to 10—12), usually forming
a distinct rosette; in the other two species they are fewer (usually 2—6,
rarely more). The form of the blade in P. orbiculare varies from lanceolate
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to elliptic (rarely almost orbicular), the margin is crenate or serrate, the
basis cordate to cuneate. Both P. spicatum and P. nigrum have cordate
basal leaves but the sinus is less distinct and the ratio blade-length : blade-
width is higher in the latter. The leaves are coarsely (often doubly) serrate
in P. spicatum but irregularly crenate to subentire in P. nigrum.

The shape of the cauline leaves is also diagnostic in all three species. In
P. orbiculare, the lower leaves are narrowly ovate or lanceolate to linear-
lanceolate, crenate or finely serrate, petiolate to sessile; the others are suc-
cessively smaller and narrower, remotely serrate to entire and sessile. They
are diagnostic for each of the three subspecies. P. spicatum differs in having
lower cauline leaves more or less similar to the basal ones; the others gradu-
ally become smaller, with blades obtuse or cuneate at base, the ratio blade-
length : blade-width increasing and the length of the petiole decreasing. The
uppermost leaves are lanceolate and sessile. P. nigrum is somewhat inter-
mediate between these two species, having lower cauline leaves lanceolate
to oblong-ovate, finely crenate to subentire, with blade cuneate at base,
the other leaves decreasing rapidly in size and in length of the petiole; the
uppermost leaves are strongly reduced.

Basal leaves of P. spicatum and P. nigrum often have black or brown
markings along the main veins, mainly at the base of the blade. The presence
of these markings is apparently accidental and does not seem to be a useful
character to distinguish infraspecific taxa. The markings have never been
observed in P. orbiculare.

Inflorescence

The inflorescence of Phyteuma is essentially racemose. Its morphology is
characteristic of most species of Phyteuma and was made the basis of the
subdivision of the genus into two sections, Spicata (with flowers in spikes)
and Capitata (with flowers in capitula; see Scavrz 1904). In P. spicatum
(sect. Spicata) the spike is ovoid or cylindrical, its rhachis elongating con-
siderably between the onset of flowering and the maturity of the seed.
P. nigrum, the other Czechoslovak member of sect. Spicata, has the spike
ovoid, beginning to elongate only towards the end of anthesis. In fruit,
both P. spicatum and P. nigrum may be described as having cylindrical
infrutescences. In both species single flowers are sometimes found in the
axils of the uppermost one or two cauline leaves and both occasionally
produce variants with short, subglobose spikes. P. orbiculare (sect. Capitata)
has a distinct capitulum. Its rhachis does not show any propensity to
elongate during flowering but it does elongate in fruit, resulting in an ovoid
to shortly cylindrical mfrutescence, not unlike those of certain forms of
P. nigrum. It follows therefore that no clear dividing line can be drawn
between these two sections.

In all species, the opening of the flowers proceeds acropetally. No devi-
ations have been observed.

Involucre

The inflorescence of Phyteuma is subtended by what is conventionally
called the involucre (see e.g. SCHULZ 1904, DaAMBoOLDT 1976). In P. spicatum and
P. nigrum it is indistinct, consisting of non-imbricating, narrowly lanceolate
to linear bracts which do not differ much from the uppermost cauline leaves.
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Rarely only one bract develops, sometimes placed at a distance from the
inflorescence. Size, shape and position of the bracts vary greatly in these
species and are useless as taxonomic characters. In P. orbiculare the in-
volucral bracts are arranged into imbricating rows, thus forming a structure
not unlike the genuine involucre of the Asteraceae. They are foliar as in
P spicatim and P. nigrum but tend to differ from the upper cauline leaves,
being ovate-lanceolate and usually distinctly acuminate. Their shape, size
and position (in relation to the flowers) have been used to separate infra-
specific taxa in P. orbiculare (see ScHULZ 1904). On examination, however,
these characters prove to be rather unsatisfactory. Schulz’s key and original
diagnoses require the involucral bracts to be subacute, as long as or longer
than the flowers for all three Czechoslovak subspecies; in subsp. pratense
they are described as patent to reclinate, often conduplicate at the apex
subsp. montanum as appressed or rarely patent, and in subsp. flexuosum as
appressed to pate nt, rarely reclinate. In the present material, these features
were found to very over a wide range even within individuals. In all popu-
lations studied, plants with involucral bracts shorter than the flowers were
recorded: those referred to subsp. montanum had bracts generally shorter
than those belonging to the other two subspecies. Londuph(ate bracts are
by no means (onhm(l to subsp. pratense. The position of the bracts also
varies from appressed to reclinate in all three subspecies. 1t follows then that
the morphology of the involucre is generally too phenotypically plastic to
be used for diagnostic purposes. If used in a key, the characters of the in-
volucre should not be applied too rigidly or without reference to other
characters

Colour of corolla

This character has attracted the attention of botanists perhaps more than
any other because, though distinctive for each of the three species discussed
in the present study, it varies strikingly.

P. spicatum is unusual in the genus in having white to yellowish coloured
corollas with green tips. In the genus P/zyfeuma onl} P. pyrenaicum
R. Scavez and P. cordatum Barpis are predominantly (though not entirely)
whitish-flowered. Colour variants do occur in P. spicatum also, ranging from
pale blue to bluish-violet. They have been repeatedly described under various
names mainly from the more western parts of the range and some of them,
such as subsp. occidentale R. Scuurz and subsp. Jurassicum R. ScHULZ,
seem to represent relatively distinct regional facies of the species. Elsewhere
in the distribution area they are more or less accidental, occurring in normal
white-flowered populations, and are obviously thrown up repeatedly by the
gene pools of the respective gamodemes.

The corollas of P. nigrum are blackish-violet (almost black in bud), some-
times light-violet to bluish. White-flowered variants have been reported
the literature but have not been observed in the material under study.

The corollas of P. orbiculare display various shades of blue. The two mon-
ticolous taxa, subsp. montanum R. ScavuLz and subsp. flexuosum R.Scnuiz,
tend to have darker corollas (sometimes with a tint of violet) than the
predominantly lowland subsp. orbiculare. White-flowered individuals have
been observed in subsp. orbiculare (P129) and subsp. flexuwosum (P262) but
not in subsp. montanwm.
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In both P. nigrum and P. orbiculare the colour of the corolla fades as the
flowering period draws to a close and is mostly completely lost in herbarium
material.

TAXONOMIC TREATMENT

Phyteuma 1.. Sp. PL. 170, 1753

Perennials. Stem simple, often furcate, hollow. Leaves simple, alternate,
serrate, crenate or entire. Flowers sessile or subsessile, in dense spikes or
heads. Calyx 5-merous. Corolla 5-merous, with linear lobes coalesced in bud,
becoming separated almost to the base during anthesis. Stamens 5, with
filaments dilated at base; anthers linear, introrse. Ovary inferior, 2 —3-celled;
style elongate, with 2 —3 filiform stigmas. Capsule 2 —3-locular, obconic to
sphaerical, opening laterally.

Type species: P. spicatum L.

Key to species and subspecies of Phyteuma L. in Czechoslovakia

la Root swollen; inflorescence ovoid to cylindrical; involucral bracts not imbricating; corolla

blackish-violet or white to yellowish, rarely blue
2a Blade of basal leaves -4 as long as wide, coarsely serrate; blade of lower cauline leaves

cordate at base; corolla white to yellowish: P. spicatum
2b Blade of basal leaves longer than wide, irregularly crenate to subentire; blade of lower
cauline leaves obtuse to cuneate at base; corolla blackish-violet, rarely blue:  P. nigrum

1b Root thin; inflorescence globose; involucral bracts imbricating; corolla blue
3a Remnants of previous year’s leaves present at base of stem during anthesis; basal

leaves regularly crenate; middle and upper cauline leaves tapering to the base: -
P. orbiculare subsp. flexuosum

3b Remnants of previous year’s leaves absent during anthesis; basal leaves 4 irregularly

serrate; middle and upper cauline leaves semiamplexicaul
4a Petiole of basal leaves longer or at most as long as blade; middle and upper cauline
leaves entire or nearly so: P. orbiculare subsp. orbiculare

4b Petiole of basal leaves shorter than blade; middle and upper cauline leaves serrate:
P. orbiculare subsp. montanum

Phyteuma spicatum L. Sp. PL. 171, 1753 [“spicata’]

Root swollen, -+ napiform. Stem 20 —80 cm tall. Basal leaves petiolate,
blade cordate, about as long as wide, coarsely or doubly serrate, acute to
acuminate at apex. Lower and middle cauline leaves petiolate, blade cor-
date, serrate; uppermost shortly petiolate to sessile, lanceolate, obtuse at the
base. Inflorescence spicate, cylindrical or ovoid (rarely globose), elongating
in fruit. Involucral bracts not imbricating, narrowly lanceolate to linear,
patent to reclinate. Corolla white to yellowish, with green tips, rarely bluish,
slightly curved in bud. Pollen light yellow. Ovary 2-celled, rarely 3-celled.

P. spicatum is a highly variable species occurring usually in populations
of many hundreds of individuals. This focuses attention upon its variability,
especially in obvious morphological characters. The characters that vary
most are the type of leafiness, shape of the leaves, shape and size of in-
volucral bracts, shape of inflorescence and colour of corolla. Marginal mem-
bers of the various variation ranges might well be given taxonomic recog-
nition, perhaps even at specific level, as was often done in the past. The
variation is continuous, however, and apparent discontinuities are liable to
disappear as more material is examined. It is most unfortunate therefore
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that the infraspecific classification was based on these characters. Over the
years, the species has been subjected to excessive splitting into infraspecific
taxa which culminated in Schulz’s monograph (Scaurz 1904). Of the four
subspecies recognized there, three (subsp. jurassicum R. Scmurz, subsp.
occidentale R. ScrRULZ and subsp. coeruleum R. ScHULZ) accommodate colour
variants, while the fourth, subsp. ochroleucum DOLL, represents the type of
the species. All subspecies are subdivided into varieties, subvarieties and
forms, based primarily on individual variation in the shape of the leaves
and involucral bracts.

In Czechoslovakia, this subdivision of the species does not apply. There
does not seem to be any marked geographical pattern conformable to Schulz’s
varieties and forms. (It is of some interest that none of the taxa was ex-
plicitly reported from our area.) Few, if any, topodemes are morphologically
distinct. Perhaps the only exception is plants from the Hruby Jesenik Mts.
in which the subglobose inflorescence is fairly frequent. They have been
described as var. sphaerocephalum FORMANEK (see FORMANEK 1887a, 1887h)
but because this character occurs throughout the distribution range of the
species, they hardly warrant taxonomic recognition. Similar plants have
been recorded in nearly all the topodemes examined.

In the material studied, the shape of the leaves and of the involucral
bracts also proved useless as a basis for infraspecific classification, as did
the type of leafiness. The two different kinds of leafiness (whether the cauline
leaves are crowded in the lower part of stem or spaced more or less evenly)
grade imperceptibly into one another, the latter kind being more frequent
than the first.

Blue-flowered individuals of P. spicatum are extremely rare in this country.
They are found scattered in populations of normal white-flowered plants
and the deviating colour of the corolla does not correlate well with other
morphological features. They have been noted on several occasions (see e.g
CELAKOVSKY 1871) and are also documented by herbarium material but did
not occur in the population samples examined by the present author. Tt
now seems certain that at least some of the reports of the blue-flowcred
P. spicatum actually refer to the hybrid P. nigrum x P. spicatum.

It is proposed therefore, on the basis of the above discussion, that no
infraspecific units be recognized in P. spicatum in Czechoslovakia. Ifurther
study is required to ascertain whether Schulz’s subdivision is applicable
elsewhere and whether the character-combinations given for the three
“coloured” subspecies are correlated with ecology and geographical dis-
tribution.

Of all the members of the genus, this species has by far the largest arca of
distribution, reaching from Brittany to the Upper and Middle Dnepr Re-
gions in the Ukraine and from S. Norway to C. Italy and the Crna Gora,
Yugoslavia.

In Czechoslovakia, P. spicatum extends from the lowlands to the alpine
belt. 1t is only locally frequent at lower altitudes (with ccnsiderable dis-
junctions in the distribution, as for instance in the Bohemian-Moravian
Highlands) and is largely confined to the mixed deciduous woodlands
(mainly of the order Fagetalia). In the mountains it is common both in
woodlands (order Athyrio-Piceetalia) and in mountain grasslands, being par-
ticularly abundant in leeward situations (alliance Calamagrostion villosae)
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and in tall herb communities (alliance Adenostylion). 1t favours deep, rich

soils and is indifferent to the geological substratum.

Phytewma nigrum F. W. Scamipt Fl. Boém. Cent. 2 : 87, 1794

Syn.: P. spicatum vy P. nigrum (F. W. ScamipT) PorL Tent. Fl. Boh. 1 : 210, 1809. — P. spi-
catum b) nigrum (F. W. ScaMipt) DOLL Rhein. F1. 462, 1843.

Root swollen, -+ napiform. Stem 20-—40 ¢m tall. Basal leaves petiolate,
blade cordate, up to twice as long as wide, obtusely crenate to subentire,
+ obtuse at apex. Lower cauline leaves petiolate, blade lanceolate to ob-
long-ovate, finely crenate to entire, obtuse to cuneate at base; upper and
middle leaves - sessile, lanceolate, entire, cuneate at base (uppermost often
bracteal). Inflorescence spicate, ovoid to cylindrical, considerably elongating
in fruit. Involucral bracts not imbricating, narrowly lanceolate to linear,
patent to reclinate. Corolla blackish-violet, sometimes greyish-blue, b]]}_’]ltl)
curved in bud. Pollen violet. Ovary : 2-celled, rarely 3- (/(*ll(‘d

A species often included as a variety into P. spicatum by the early authors
(see e.g. Ponr 1809), but readily distinguished by its basal leaves distinctly
longer than wide, irregularly crenate to subentire, cauline leaves (except
I —2 lowermost) tapering to the base and corolla blackish-violet (see also
ScuorT 1891). The variation patterns are similar to those of P. spicatum,
the characters showing most variation within the species limits being the
shape of the leaves, type of leafiness, shape and size of the involucral bracts,
form of the inflorescence and colour of the corolla. Again, these features
vary more or less continuously over the range of the species and quite in-
dependently of one another. As in P. spicatum, the characters which have
been used for subdivision of P. nigrum are taxonomically unreliable be-
cause of the phenotypic plasticity and genetically controlled variation within
populations.

Colour variants (with corolla bluish or greyish-blue) are more frequent
than in P. spicatum but are not at all common. They have been recorded
in P124 and P154. Pending further studies, they are not accorded any
taxonomic rank. SCHULZ (1904) reports that var. coerulewm R. ScHULZ is the
only representative of the species in the SW. part of its range.

P. nigrum is endemic to Central Europe, occurring from ‘the Netherlands
and Luaneburger Heide in the north to the Schwarzwald, Bayerische Hoch-
ebene and Waldviertel in the south (for a distribution map, see ScHULZ
1904). The eastern boundary of its range winds through the western part
of Czechoslovakia. In this country it is pa,rtlcula,xlv abundant in the Sumava
(including foothills) and Krusné hory Mts. Outlying localities are found in
the Labské piskovee district, Sluknovsks, paholkatma hilly country, Luzické
hory Mts., Frydlantskd pahorkatina hilly country, Luzické kotlina basin,
Jizerské hory Mts. and western Krkonose Mts. Along the Vltava river,
P. nigrum extends from the south far into Central Bohemia. The report of
this species from between Bruntal and Nové Herminovy in Northern Mo-
ravia (OTRUBA 1925) is unexplained; a search of the locality by the present
author revealed only the presence of P. spicatum. Perhaps the plant oc-
curred there only temporarily as a garden escape. Nor could the reported
occurrence below the hill Bezdéz in Northern Bohemia (ZourLNa 1859) be
confirmed. Adventive occurrences of P. nigrum have been noted in Eastern
Bohemia (Hradec Kralové; VLCEK et PROSEK 1909), Southern Bohemia
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(vicinity of Kamenice nad Lipou; Kovaxpa unpublished) and Eastern Mo-
ravia (Roznov pod Radhostém; SvoBopa 1930 BRNU, vicinity of Vsetin:
Rican 1926 BRNU, Svosopa 1930 BRNU).2)

Two distribution maps of P. nigrum in the Czech Socialist Republic have
been published: a dot map by Vondrova (VoxprovA in HENDRYCH 1973)
and a grid map by Mlady (MrapY in KuB4tr 1978). Neither map is complete,
both disregarding much of the published evidence from Northern Bohemia
(see e.g. MiLiTzER 1954), the latter ignoring even herbarium records from
Central and Western Bohemia.

Vertically, P. nigrum extends from 120 m alt. on the banks of the Elbe
river at Doini Zleb near Dééin to about 1200 m alt. in the Sumava Mts. It
is ecologically plastic and occurs in a variety of habitats. In the mountains
it is locally characteristic of the meadows (alliances Arrhenatherion, Moli-
nion and Triseto-Polygonion bistortae). At lower altitudes it favours mixed
deciduous woodlands (alliances Carpinion betuli and Fagion sylvaticae, rarely
also Alno-Ulmion); examples of silvicolous topodemes include P154 and
P315. In the sandstone canyon of the Elbe river in Northern Bohemia it is
frequent in dry, open habitats harbouring thermophilous vegetation. Unlike
P. spicatum, this species is strictly calcifuge throughout its distribution
range.

ScamipT (1794), establishing P. nigrum as a new species, provided a suc-
cint diagnosis and a detailed description. The plant is reported from one
single locality, the vicinity of Karlovy Vary in Western Bohemia. Inter-
estingly, Schmidt recognized, in addition to P. nigrum, one more dark-
flowered Phyteuma in Bohemia: P. ovatum F. W. ScamipT. It is said to
occur in the Sumava Mts. and on the middle Vltava. This is one of the many
mystifications perpetrated by Schmidt in his Flora. It is evident from the
diagnosis (“Phytewma foliis petiolatis: radicalibus cum infimis caulinis cor-
datis duplicato serratis, superioribus lanceolatis simpliciter serratis; spica
ovata obaesa; stylis hirsutis; bracteis linearibus™), synonymy and illustra-
tion (Tab. 229) that the plant is in reality P. ovatum HONCKENY, a native
of the Alps, Pyrenees and Balkan Peninsula. It has never been found in
Bohemia and plants from the localities reported by Schmidt agree in every

respect with his description of £. nigrum.

Plyteuma orbiculare 1. Sp. Pl. 170, 1753 [“orbicularis’]
Syn.: P. orbiculatum Povr Tent. F1. Boh. 1 : 209, 1809.

Root not conspicuously swollen, fusiform. Stem 10—30 cm tall. Basal
leaves petiolate, blade lanceolate, ovate-lanceolate to elliptic (rarely almost
orbicular), crenate or serrate, acute to obtuse at apex, cordate, obtuse to
cuneate at base. Lower cauline leaves petiolate to subsessile, blade narrowly
ovate to lanceolate, the others progressively smaller and narrower, sessile,
crenate or serrate to entire, glabrous or sparsely hairy, uppermost sometimes
diminishing into bracts. Inflorescence capitate, globose, somewhat elongating
in fruit. Involucral bracts imbricating, ovate-lanceolate, acuminate, ap-

2) Cases of naturalization, even far beyond the autochthonous distribution area, are not
at all rare in P. nigrum. There are reports from Berlin (ScEULZ 1904), Babelsberg near Potsdam
(JacoBascH 1885), a number of localities in Poland (UecHTRITZ 1876, 1882, 1883) and in the

vicinity of Moscow (FEDOROV 1957).
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pressed to flowers to patent or reclinate. Corolla blue, rarely white, strongly
curved in bud. Pollen violet. Ovary 3-celled, rarely 2-celled.

This is an interesting polymorphic complex in Central Europe, varying
chiefly with regard to the length of petioles of basal leaves, shape of leaves
and shape and position of involucral bracts. A useful comparison can be
made with the variation patterns of P. spicatum and P. nigrum: the vari-
ation of P. orbiculare is quite different, showing, in some features at least,
a clear correlation with geographical distribution and ecological preferences.
Obviously. the process of infraspecific differentiation began only in the post-
glacial period, when the species started to spread from its original distri-
bution area in the Alps (see HENDRYCcH 1980), and it still continues; hence
the many intermediate situations and resulting taxonomic difficulties. The
various infraspecific units tend to replace one another geographically but in
many cases the geographical discontinuities are not marked by clear dif-
ferences in morphology. Although significant differences can often be de-
monstrated between populations, these may prove insufficient to assign
a single plant to a particular taxon.

Opinions as to the correct taxonomic treatment differ widely. One may
contrast the divergent proposals of Scrurz (1904) and DamBoLpT (1976).
On the basis of the present studies, neither of these two approaches is
thought to be very satisfactory and an intermediate position is adopted.
In the material examined, three distinct taxa could be distinguished. They
may be considered ecological races of approximately equal rank and con-
veniently treated as subspecies, corresponding to three of the six sub-
species delimited by Scavrz (1904): subsp. orbiculare®) (= subsp. pratense
R. Scuurz), subsp. montanum R. Scuvrz and subsp. flexuosum R. Scuurz.
In contradistinction to Schulz, no taxa are recognized below subspecific
level, for the reasons explained under P. spicatum. It should also be pointed
out that the position of the involucral bracts, which was used as one of the
distinguishing characters by Schulz, proved the least useful character, since
in the material studied it showed a complete range of variation. The other
characters proved reasonably reliable as markers of subspecific limits. In
addition, the presence of a tuft of remnants of the previous year’s leaves at
the base of the stem during anthesis was found to be a good character safely
separating subsp. flexuosum from the other two subspecies.

Phyteuma orbiculare L. subsp. orbiculare
Syn.: P. orbiculare L. subsp. pratense R. Scaurz Monogr. Gatt. Phyteuma 116, 1904.

Tuft of leaf remnants absent at the base of the stem. Basal leaves ir-
regularly obtusely serrate, blade cuneate, obtuse or cordate at base. Petioles
of the basal leaves usually much longer than blades. Stem often - leafless
in the upper part. Middle and upper cauline leaves entire (one or two up-
permost strongly reduced, often bracteal), straight, spreading at an angle of
30 —45°, semiamplexicaul at base. Involucral bracts mostly shorter than
or as long as flowers.

This is a plant of meadows and grasslands (alliances Bromion and Moli-
nion) on mineral-rich, moderately moist soils at lower altitudes. In the Elbe

3) This typification follows RoTHMALER (1963). Further study is required to decide whether
some other subspecies name is eligible.
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lowland (Central Bohemia) it used to be characteristic of fens (alliance Ca-
ricton davallianae) but is now almost completely extinct there. In the Alps
it extends up to the montane belt but in this country it is only exception
ally found above the 700 m contour. Geographically it is distributed from
Switzerland to the central part of European Russia. In Czechoslovakia it is
found scattered in Bohemia (mainly West Central; see Svavik 1980) and
parts of Moravia (except much of the south and northeast). Contrary to
Schulz’s statement, it shows no preference to calcareous habitats, though it
occurs preferentially on basic to neutral soils. It is probably absent from the
whole of the Carpathians, except for two localities (P256, P259) where it
intermingles with subsp. flexuosum. The distribution map for P. orbiculare
in Bohemia and Moravia compiled by Vondrova (VoNprovA 1971, VONDRO-
vA in HENDRY(CH 1973) refers largely to P. orbiculare subsp. orbiculare; only
the record from the Hruby Jesenik Mts. belongs clearly to subsp. montanum.
It should also be pointed out that the records from Southern Bohemia
(Ceské Budéjovice, Lhenice and Vyssi Brod) are based on incorrectly de-
termined herbarium material and refer, in reality, to P. nigrum, as do also
some from the Krusné hory Mts. P. orbiculare as a whole is absent from
Southern Bohemia. As indicated in the introduction, P. orbiculare s. str. is
an endangered taxon (see also HoLUB et al. 1979) and many of its localities,
reported in literature and documented by herbarium material, no longer
exist. Of the topodemes examined, four (P110, P118, P130 and P270) had
been destroyed before this manuscript was finished.

Representative herbarium specimens

District of Dzban

Bilichov, anon. 1931 PRC; Bilichovské udoli, Ko$TAr 1894 PR; “na raselinné louce v Bilichov-

skych lesich”, KaBAT 1885 BRNU; Smradovna, KorAR 1930 PR; ‘“‘raselinisté u Tritice’’, NE-

TUSIL 1941 PRC; Smeéno, Domix 1924 PRC; “‘raselinnd louka u Hradec¢na’’, Vaxnpas 1883 PR;

““Obora u Smec¢na’’, VANDAS 1882 PR; Libusin, anon. 1930 PRC; “‘lesni louka u dolu Max u Li-

busina’’, SinpELAR 1934 PRC; “‘nad libusinskym koupalistém’’, Svespa et SINDELAR 1941 PRC;

“v lese u Velké skéily u Hnidous”, SinpELAR 1935 PRC; “na opukovém svahu u Hnidous”,

Sourex 1940 PR.

Distriet of Cesky kras

“in pratis ad vie. Horni Roblin”’, DosTiL 1931 PRC.

District of Stredni Polabi

Hrabanov, Divi$ 1921 PR, KuASTtERskY 1921 PR, ScausTLER 1922 PR, Krasina 1926 PRC,
PucaMaIEROVA 1926 PRC; “Rand eines Wiesengrabens zwischen d. Elbe und dem alten Ubungs-
platz bei Lissa’”, Porr 1843 PRO.

Distriet of Dolni Pojizeri

“louky nad Josefodolem’, Popriira 1895 BRNU.

Distriet of Rozdalovicka tabule

“na vlhké louce nedaleko Détenic’’, Drvis 1922 PR; ‘“‘na mokré louce u Loucenské myslivny”’,
Mespr 1944 PRC; “in silva Vlkovsky revir prope oppid. Chlumee”, DEYL 1944 PR; “‘in silva
Domanovicky les prope vicum Radovesnice”, DEyL 1944 PR; ‘“Pod borem prope vicum Hla-
vecnik”, Devr'1944 PR.

District of Vychodni Polabi

‘‘u Komérova u Dasic”’, MatouskovA 1927 PRC; Zbytky, Sourek 1940 PR, Kruixa 1942 PR,
KrASTERSKY 1958 PR.

District of Hané

Hlusovice, PicBAUER 1908 BRNM; ‘“‘louka u Hlusovie”, PicBaver 1908 BRNU; “‘louky za
Klasterem Hradiskem”, SpitzNEr 1888 BRNU; “‘kfoviny mezi Hradiskem a Cernovirem’,
SeitznEr 1888 BRNU; “Moorwiesen bei Cernovir”, Laus 1930 BRNU; “Czernowirer Torf-
wiesen”, Laus 1907 BRNM; Lazce (‘‘Laska’), Laus 1934 PRC; “slatinné louky u Olomouce”’,
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Poprira s.d. BRNM; “Olomouc: louky u vodovodu”, OrruBa 1931 BRNU, 1941 PRC; “Olo-
mouc: vojenska strelnice”, OTruBa 1912 BRNU; “in den Auen der March oberhalb Olmitz”,
anon. s.d. PRC.

District of Doupovské vrehy

Tunkov (“Tunkau’), SteLzHaMMER 1910 PR; “ad pedes montis Pusty zamek supra oppidum
Doupov”, KLASTERSKY 1949 PR; “sub summo montis Hradisté (Burgstadl)”, Domix 1914 PRC.
Distriet of Plzenska pahorkatina

“palouk nad Spalenym mlynem u Dolni Bélé”, Marocu 1906 PR.

Distriet of Kiivoklatsko

Liany, Jirus 1862 PR: “in valle rivi Klicava haud procul ab oppido Zbecno’’, KLASTERSKY
1948 PR.

Distriet of Podbrdsko

Myto, Popuagskd 1931 PRC: “palouk mezi Svatostépanskym rybnikem a Loudovie mlynem”,
Maroch 1912 BRNU, PRC; “louky u Hlubose”, Domix 1912 PRC; “kratkotravna louka pred
Kvétnou’, TocL 1909 PR.

District of Ralsko-bezdézska tabule

Staré Splavy, Zevinka 1930 PRC; “louka u Paterova’, Popeitra 1896 BRNU; “‘na loukach
u Reckova™, Baver 1902 PR.

Distriet of Orlické opuky

“louky u rybnika Mocidlo”, Krejcar 1962 PR.

District of Litomys$lska panev

“louka mezi Litrbasskymi haji a Novou Vsi”’, Zorxic 1898 BRNU, PR; “za Litrbachy v udoli
tahnoucim se k Sebranicum™, ZorNie 1891 PR; “in pratis ad Litrbachy”’, FuerscHEr 1927 PRC;
Cista (“‘Litrbachy”), Vonix 1897 PRC.

District of Ceskomoravské mezihoii

“palouk v lesnim udoli nad Kuklé”, Mavocu 1892 BRNU; “lesni louka v udoli u Kukle”,
Marocu 1892 PR; “lesni louka u Kukle”, Mavroca 1892 PRC; Hrebec¢ (‘‘Schonhengst™), FROBLICH
1919 BRNU.

Distriet of Hornosazavska pahorkatina

““Uhlirské Janovice: suchd louka pod Hladikovou cihelnou”, Hrapec 1942 PRC.

District of Ceskomoravskd vrehovina

“Kamenné Sedli§té, louky u rybnika Zimky'’, KoreckY s.d. PR; “‘na louce v lese u rybnika
Zimky”, KrovLix 1941 PRC.

District of Moravské podhuri Vysociny

“se¢ doubravy na Zlobici”’, STANER 1919 BRNU.

District of Moravsky kras

“mokré louky vychodné od Ochoze”, Vesery 1927 BRNU; Kitiny (“'Kiritein”’), RotaE 1892
BRNU; Teuser 1897 BRNM, Truer 1917 BRNM; “Krtiny, u silnice k Adamovu’’, PospiSiL
1946 BRNDM; Josefské udoli (“Josefsthal”), anon. 1903 BRNM; Josefské udoli, MULLER 1940
BRNU.

District of Drahanskd vrechovina

“Waldwiese Haté bei Brodek u Prostéjova (“‘Prodlitz”)”, Seirzyver 1888 BRNU; “‘na louce
pod Kozakovem u Myslejovie”, Krira 1914 BRNM; Ferdinandsko, Popepira 1914 BRNU,
Suza 1914 BRNU; “in pratis prope pagum Hosténice”, Dorezar 1928 BRNU: ‘na lukach
u Hosténie”’, DoLezar 1934 BRNU; “‘nahorni louky u Hosténic”, SKRivANek 1943 PRC; “‘sva-
hové louky v udoli Rakovee u Racie”, SKRivANEK 1925 PRC; “‘feuchte Wiesen, Rakowetztal”’,
anon. 1926 BRNM: “v Rakovei na lukich mezi Jedovnicemi a Racicemi’, Biry 1932 BRNU;
“na lukdach u Racie””, DoLeZAL 1933 BRNU; Racice , HANACEK s.d. BRNM.

District of Zabrezsko-unicovsky tval

“louky u Moravi¢an™’, OTruBA 1927 BRNU; ““Moravic¢any, in pratis siceis”, E. HEyNY 1922 PRC.
Districet of Slezska pahorkatina

Kylesovice (“Gilschwitz”), anon. s.d. BRNM.

Distriet of Jesenické podhuri

Bruntal (“Freudenthal’), anon. s.d. BRNM, Vaclavov (““Wenzelsdorf”), ScHENK 1910 BRNM;
Lubomér, Pospisin 1949 BRNM: “‘in pratis sub monte Raudenberg (Roudno)”, UnrovA 1928.

Phyteuma orbiculare L. subsp. montanum R. Scaurz Monogr. Gatt. Phy-
teuma 116, 1904

Tuft of leaf remnants absent at the base of the stem. Basal leaves ir-
regularly obtusely serrate, blade cuneate or obtuse at base. Petiole of basal
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leaves -+ as long as or shorter than blade.4) Stem often -+ leafless above
Middle and upper cauline leaves serrate (with at least one or two pairs of
teeth), straight, spreading at an angle of 30-—45°, semi-amplexicaul at base;
one or two uppermost leaves often strongly reduced, bracteal. Involucral
bracts mostly shorter or as long as flowers.
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Fig. 2. — Upper cauline leaves of P. orbiculare subsp. orbiculare (a), subsp. montanum (b) and
subsp. flexuosum (c).

A submontane to montane variant, occurring in Central European moun-
tain systems and hilly country, including foothills (Jura, Alps, Bayerische
Hochebene, Thiiringer Wald, Harz, Eastern Sudeten). In Czechoslovakia it
is restricted to the Velkd kotlina glacial cirque in the Hruby Jesenik Mts.
(Eastern Sudeten) where it grows in the open plant communities of the
alliance Agrostion alpinae (see JENIK, BURES et BUurRESOVA 1980) on steep,
rocky slopes. There are also records from the adjacent Mt. Vysokd hole and
Mt. M4j but the occurrence of the taxon there has never been confirmed.
Nor was any P. orbiculare found in the summit area of Mt. Kralicky Snéznik,
whence it was reported by Hruey (1914). Reports of P. orbiculare from
Mt. Snézka (HAENKE 1791) and the Kotelné jamy glacial cirque (Doxix, Ms.)

4) In Rothmaler’s Exkursionsflora (RoreEMALER 1963), the petioles of the basal leaves of
subsp. montanum R. ScuuLz are described as “‘1 1/2mal linger als die Spreite”” — a clear mis-
interpretation of Schulz’s (ScEULZ 1904) concept.



in the Krkonose Mts. (Western Sudeten) may perhaps be referable to subsp.
montanwm also. Unfortunately, no herbarium material is available and the
plant has never been collected there since.

Some plants from the Krusné hory Mts. and Western Bohemia come,
judging from the length of petioles, very close to subsp. montanum and have
been included in it by Scuuvrz (1904) but the respective populations, taken
as a whole, are best classified as belonging to subsp. orbiculare. Herbarium
material from Eastern Bohemia and the vicinity of Prague was also referred
to subsp. montanum by Schulz but is not mentioned in his monograph.

Representative herbarium specimens

Distriet of Hruby Jesenik

Velka kotlina (““Grosser Kessel’’), OBorNY 1867 PRC, 1879 PRC, BuBrerLa 1884 PRC, BaexiTZ
1893 PRC, Scuierr 1893 BRNU, 1899 BRNM, OBorNy 1903 BRNM, Suza 1909 BRNU, Sta-
~ER 1920 BRNU, Smarpa 1920 PR, Lexe¢exk 1929 PRC, ScaUsTLER 1929 PR, MaTaucH
1934 PRC, OrruBa 1934 BRNM, 1934 PRC, anon. 1934 PRC, JEDLICKA 1946 BRNU, DEvL
1947 PR, 1949 PR, 1951 PR, 1952 PR, KristerskY 1958 PR, VicEREREK 1958 BRNU, Ms-
si¢ex 1961 PR, DEYL 1966 PR, 1967 PR; Vysoka hole (‘‘Hohe Haide”), Frouricu 1900 BRNU;
Maj (“*Maiberg’’), KorExaTI s.d. PRC.

Phyteuma orbiculare L. subsp. flexwosum R. Scuurz Monogr. Gatt. Phy-
teuma 121, 1904

Tuft of remnants of last year’s leaves present at the base of the stem
during anthesis. Basal leaves 4 regularly crenate, blade mostly obtuse to
cuneate at base, rarely cordate. Petiole of basal leaves mostly longer than
blade. Stem -+ evenly leafy up to the inflorescence. Middle and upper cauline
leaves serrate, mostly arcuate, tapering to the base. Involucral bracts mostly
as long as or exceeding flowers.

A taxon morphologically clear-cut throughout most of its range (Carpa-
thians and mountains of Balkan Ponmsula, extending as far south as Al-
bania), except the Eastern Alps where it intergrades on a large scale with
subsp. montanam R. Scavrz and subsp. delphinense R. Scnurz. In (zecho-
slovakia, the only intermediates are those to subsp. orbiculare (probably of
hybrid origin) which can be traced in the Bilé Karpaty Mts. where both
the subspecies co-occur. Aside the Bilé Karpaty Mts., subsp. flexuosum is
the only representative of the species complex in the whole of the Western
Carpathians. Reports of subsy. orbiculare from the Polish part of the Pieniny
Mts. (OcHLEWSKA 1965) appear referable to subsp. flexuosum.

Kcologically, subsp. flexuosum clearly prefers rocky habitats. In the
western Carpathians it is a constant element of the species-rich plant com-
munities of the order Seslerietalia calcariae on weathered calcareous and
dolomitic rocks in the montane and subalpine belt, being particularly abun-

dant in the Strazovska hornatina Mts., Velkad and Mal4d Fatra Mts., Chocské

pohorie Mts., Nizke Tatry Mts. and Belianske Tatry Mts. Occasionally it is
found also in mountain grasslands and is tolerant even of acid substrata.
It is on these that it attains the upper limit of its vertical range in Czecho-
slovakia: 2400 m on the granitic Zadny Ladovy &§tit in the Vysoké Tatry
Mts. (see PacrovA 1979).

Concerning the distinguishing characters, it should be pointed out that
the stems of subsp. flexuosum — in the Carpathians at least — are only
rarely, and then only slightly flexuous, as the name would imply.
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Representative herbarium specimens

District of Juhoslovensky kras

Zadielska dolina, DosTAL 1927 PRC.

District of Biele Karpaty

“Véapenica ad v. Stary Hrozenkov”’, PopPERA et al. 1931 BRNU; Vrsatec, SiLuiNngeEr 1927 PR,
Suza 1930 BRNU, 1930 PR, 1930 PRC, WeBERr 1934 PR, 1934 PRC.

District of Malé Karpaty

Ostry kamen, Suvza 1924 BRNU.

District of Strazovska hornatina

Sulovské skaly, SiLLingER 1930 PRC; Maninska tiesnava, SoUurEK 1947 PR, VICHEREK 1969
BRNU; Vépeé, NEvoLe 1938 BRNU, VicHErek 1969 BRNU; Zihlavnik, KLASTERSKY 1922
PR; Tematinske kopee, SILLINGER 1929 PR, 1929 PRC, Viacu 1930 PRC, SMeskaL 1969 BRNU.
District of Slovenské rudohorie

“‘ad declive australe montis Radzim”’, Sosix 1958 PR.

District of Muranska vyso¢ina

Velka Stozka, Suza 1937 PRC; “‘nad Smutnou dolinou u Murané”’, Krika 1946 PR; “‘supra
pag. Muran”, Krist 1929 BRNU; ‘““Sucha dolina prope oppidum Muran’”, KLASTERSKY et
Devwr 1933 PR.

District of Slovensky raj

“In angustiis rivi Vel’ky Sokol sub monte Glac*, KLASTERSKY 1947 PR; , kolem Letanovského
mlyna a na cesté ke Klastorisku'', Brym 1930 PRC; “in valle Kysel”’, Suza 1930 BRNU; “‘in
declivibus vallis Hnilec ad vieum Stratend’, KLASTERSKY 1947 PR; “‘in pratis ad Havrania
skala’’, KLASTERSKY 1935 PR.

Distriet of Branisko

“Branisko, in jugo inter cotas 1043 et 1131°°, DEyL 1938 PR; “‘in rupibus trachyticis montis
Rudnik”, DostirL 1928 PRC.

District of Fatra

Mala Fatra: Suchy, SvesTka 1924 BRNU, Krist 1933 BRNU: Rozsutec, WeBer 1935 PR;
“in valle rivuli Sutovka’, Krist 1934 BRNU; Stoh, SMarpovi 1951 BRNU; ‘“‘ad cacumen
montis Chleb”’, Sosik 1967 PR; Fatransky Krivan, KrASTErsky 1946 PR, SverCex 1947 PR.
Vel’ka Fatra: Cierny kamen, KLASTERSKY 1946 PR; “in jugo Krizna”, DEvL 1951 PR; Ostry,
DevL 1951 PR; Drienok, Kuika 1924 PRC, Gaderska dolina, Marocu 1920 PRC.

District of Nizke Tatry

“in valle Demanovskd dolina”, Svza 1925 BRNU; Sind, Devrn 1938 PR; Smrekovica, Fort
1928 PR('; Ohniste, DvoRix 1969 BRNU; Krélicka, VIcHEREK 1964 BRNU; Dumbier, Kurtok
1896 PR, DryL et Sojak 1967 PR; “‘in valle fontis Chmelinee”, Firip1 1933 BRNU.

District of Vysoké Tatry

Zapadné Tatry: Sivy vreh, DostAn 1926 PRC, SitLiNncEr 1929 PR, DosTiL 1926 PR(; Osobita,
DevL 1938 PR; Bobrovee, Dostir 1928 PRC; Predny Uplaz, Dost4r 1928 PRC; “nad dolnim
plesem Rohééskym™, Dostirn 1928 PRC.

Vysoké Tatry: Bielovodska dolina, Dostirn 1954 PR; Zamky, Kristersky 1925 PR, DosrtiLn
1954 PR: “in alpinis prope Zelené pleso”’, Deyr 1938 PR.

Belianske Tatry: “‘in jugo inter montibus Muran et Kon', KrLASTERSkY 1962 PR; Havran,
VaSik 1967 PR; Zdiarska vidla, Krasina 1925 PRC, Vagik 1967 PR; Bujaci, SirraJEV 1929
BRNU; “in jugo inter cacumina Bujaci et Jatky', Vasix 1967 PR, Holy vrch, Domix 1935
PRC; *“in valle Holubyho dul”, Vyrou$ 1959 PR; “‘supra casam Hviezdon-Protéz”’, Sosix
1969 PR.

District of Pieniny

“in declivibus silvaticis loco dicto Cerveny Klastor”, Smeskar 1958 BRNU: “in declivibus
montis Golica”, DomiN 1932 PRC: “in valle fluminis Dunajec’, Deyr 1953 PR.

District of Nizke Poloniny

“pri vreholu skal na hrebenu Stinky mezi kotami 1073 a 1078, Sosik 1957 PR; “‘skalky na
hiebenu Stinky na stat. hranici na koté 1073”7, Sosdx 1957 PR.

HYBRIDS

Phyteuma x adulterinum WAaLLR. Linnaea 14 : 558, 1840
(P. nigrum x P. spicatum WALLR. Linnaea 14 : 558, 1840)

As suggested above, hybridization between P. nigrum F. W. ScHmipT and
P. spicatum L. takes place wherever the two come into contact, which they
do quite often in the mountains in the western half of Bohemia. F; hybrids
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arc fertile and can back-cross with either parent species, resulting in bizarre
assemblages of individuals recombining in various degrees the differentiating
characters of the paxcnts Complex hvbrld swarms flourish in a number of
localities in the Krusné hory and Sumava Mts. and would be worth a de-
tailed genetical study. It is 1mp01ta,11t to note that nowhere does the large-
scale hybridization lead to the breakdown of the individual gene patterns
of the parents and to the disappearance of specific identities, ““pure’ parental
forms surviving in all the topodemes examined. Nor is there any evidence
for the spread of genes away from the area of hybridization.

Phyteuma > orbiculariforme Domix in Domix et Pobrira Kli¢ Uplné Kvét.
Rep. Ceskosl. 542, 1928
(P. nigrum x P. orbiculare R. SchurLz Monogr. Gatt. Phyteuma 173, 1904)

This hybrid was described by Scuurz (1904) on the basis of one single
herbarium specimen from near Vyton (formerly Heuraffl) in the Suma.va
Mts., Southern Bohemia, which the collector (W xllkomm) himself had ident-
ified as P. nigrum ¥. W. Scamipt. No other records from this country or
abroad are available and considering the fact that P. orbiculare is not known
to occur in the locality, the nature of the putative hybrid remains doubtful.
Schulz’s description would seem to indicate that the plant falls within the
variation range of P. nigrum F. W. Scamipt. This is not to query the possi-
bility of the hybrid P. orbiculare % P. nigrum arising elsewhere. It must
be remembered. however, that the parent species only rarely have an op-
portunity to hyvbridize in nature because they tend to occur in dissimilar
habitats. In this country they have never been observed to occur in one
and the same habitat. In the hybridization trials (see Tabs. 5—6), P. nigrum
and P. orbiculare, though belonging to different sections, proved crossable.

P. orbiculare X P. spicatum

This is another intersectional hybrid. It has not been reported previously
but was obtained easily with a number of plants (see Tab. 4, 6). Spontaneous
hybridization of P. orbiculare and P. spicatum is probably rare, if indeed it
ever occurs, because, again, the parental forms are separated by an eco-
logical barrier. For instance, of the P. orbiculare subsp. orbiculare topodems
studied, only P133 and P204 partially intermingle with sizeable populations
of P. spicatum (P134, P203). No hybrids have been found, however, even
though the flowering times of both species coincide. In view of the cyto-
logical information now available, this is quite surprising. In the Velka
kotlina glacial cirque, P. orbiculare subsp. montanum (P164) is confined to
the IO(kV habitat which is clearly avoided by P. spicatum (P161) which
occurs copiously in adjacent mountain gra%%land and tall herb communities.
Nor can any of the P. orbiculare subsp. flexuosum topodemes investigated
be expected to hybridize with P. spicatum, because their habitats are, at
the very best, juxtaposed but not identical. Perhaps the only exceptions are
P256 and P259 which share the same habitat with P. spicatum (P258, P260).

SOUHRN
U ceskoslovenskych zvoneénika (Phyteuma L.) byl studovén pocet chromosomu, variabilite,

zpusob rozmnozovani a schopnost mezidruhové hybridisace. Studovany material se ukézal byt
diploidni, s n = 11. Odchylny pocet, n = 12, byl zjistén (kromé n = 11) vouze v jednom pfi-
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padé u druhu P. nigrum F. W. Scamipt. Polyploidie nebyla pozorovéna a protoze se nevysky-
tuje ani u ostatnich druhua, je vyslovena hypothesa, ze evoluce rodu spocivala primarné na
dysploidnich zménach zakladniho poé¢tu chromosomu. Tim se rod Phyteuma 1isi od ostatnich
rodu ¢eledi Campanulaceae (napt. Campanula, Jasione, Asyneuma), v jejichz vyvoji hrala poly-
ploidie dulezitou roli. Prabéh meiose byl u vsech sledovanych taxonu pravidelny.

Nase druhy zvonecnika jsou témér dokonale autosterilni. Autogamie je sice zésadné mozné,
ale jen ve velmi omezeném méritku a v prirozenych populacich se pravdépodobné vyraznéji
neuplatnuje. Moznost spontanni autogamie (‘‘samoopyleni z nouze”) predpokladand hlavnd ve
starsi literature, nebyla u studovaného materidlu prokazana.

Vsechny ti1 druhy jsou mezi sebou kriZitelné: kazdy z nich se podarilo zkrizit s kterymkohv
ze zbyvajicich dvou v obou smérech. Byl ziskén 1 trojnasobny hybrid P. nigrum x P. spica-
tum x P. orbiculare. Hybrid P. nigrum x P. spicatum (= P. x adulterinum WALLR.) vznikd
spontanné vsude, kde se spoletné vyskytuji oba rodi¢ovské druhy; castym jevem jsou hybridni
roje. Krizenee P. nigrum x P. orbiculare (= P. x orbiculariforme Domix) byl sice z naseho
uzemi popsén, jeho existence v piirodé je vSak pochybnd, protoze rodicovské druhy jsou od
sebe oddéleny ekologickou bariérou. Spontanni vznik nebyl pozorovin ani u krizence P. orbicu-
lare x P. spicctum.

Druhy P. spicatum L. a P. nigrum F. W. ScEMIDT jsou znac¢né variabilni, nejevi vsak vy-
znamnéj$i taxonomickou diferenciaci. Nejsou proto u nich rozlisovény zadné vnitrodruhové ta-
xony. U druhu P. orbiculare L. je v Ceskoslovensku mozno vymezit tii subspecie, dobfe cha-
rakterisevané morfologickymi znaky, ekologii a geografickym rozsirenim. P. orbiculare subsp.
orbirulare (bez zbytku lonskych listtt pri basi lodyhy v dobé kvétu; prizemni listy - nepravi-
delné pilovité, s rapikem delsim nez ¢epel; stredni a horni lodyzni listy poloobjimavé, - celo-
krajné) se vyskytuje roztrousené az vzacné v ceskych zemich, prevazné ve stupni pahorkatiny.
Revise rozsifeni ukazala, ze velka ¢ést nalezist, znamé z literatury a dolozend herbarovym
materiglem, uz zanikla. Udaje z jiznich Cech jsou zalozeny na zéméné s druhem P. nigrum.
P. orbiculare subsp. montanum R. ScHULZ (bez zbytku lonskych lista pri basi lodyhy v dobé
kvétu; prizemni listy 4 nepravidelné pilovité, s rapikem kratS$im nez cepel; stfedni a horni
lodyzni listy poloobjimavé, pilovité) roste v soucasnosti v typické podobé pouze ve Velké kotling
v Hrubém Jeseniku; drive se snad vyskytovala i v Krkonosich a na Kralickém Snézniku. P. or-
biculare subsp. flexuosum R. ScHULZ (se zbytky lonskych lista pri basi lodyhy v dob&é kvétu;
prizemni listy 4 pravidelné vroubkované; stredni a horni lodyzni listy k basi ztzené, pilovité)
je hojné v celé karpatské oblasti, zvlasté na véapencich a dolomitech. Prechodné formy jsou
dosti ¢asté mezi subsp. orbiculare a subsp. montanwm; mezi subsp. orbiculare a subsp. flexuosum
se vyskytuji jen ojedinéle. VSechny tti subspecie maji rozsireni i mimo Ceskoslovensko. K jejich
dentifikaci slouzi uréovaci klic.
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R. So06 [red.]:
Bibliographia synoecologica scientifica hungarica 1900—1972
Akadémiai Kiad6, Budapest 1978, 500 str. (Kniha je v knihovné CSBS.)

Recenzovanou knihu sestavil profesor So6 se svymi spolupracovniky z podnétu Biologické
sekce Madarské akademie véd. Tato bibliografie, obsahujici 51/, tisic citaci védeckych praci,
podava uceleny prehled o madarské synekologické literatuie 20. stoleti (do r. 1972).

Kniha je oborové rozdélena do 27 zakladnich kapitol, ¢asto dédle podrobné ¢lenénych. Kromé
citaci ucebnic, praci bibliografickych a biografickych, terminologickych a metodickych, zprav
o geobotanickych sjezdech a exkurzich zde nalézame bibliografické prameny k radé védnich
oboru, napr. ke kvantitativni synekologii, autekologii, pedomikrobiologii, limnologii, syndyna-
mice, obecné a specidlni syntaxonomii, synchorologii (véetn® vegeta¢niho mapovani), paleo-
botanice, produkéni ekologii, ochrané prirody 1 k synekologii a synchorologii zivocichu. Zvlastni
skupinu tvori téz citace floristickych praci s fytocenologickymi udaji.

Citace jsou prubézné cislovany a v ramei jednotlivych skupin usporadany podle abecedniho
poradi autoru. Préce téhoz autora jsou uvadény chronologicky. Madarské néazvy citovanych
praci doplnuje preklad v nékterém ze svétovych jazyka. Jednotlivé neanotované citace obsahuji
zékladni bibliografické udaje véetné strankového rozsahu.

Tato prehledné zpracovand bibliografie se stane vyhledavanou pomuckou pri studiu nejruz-
néjsich geobotanickych problému a otazek zivotniho prostredi.

Z. Neuhauslové
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