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Our survey of data collected in the Chromosome Number Database for Polish angiosperms indicated that the
1,498 species with chromosome counts represent 40% of the total angiosperms (3,719) occurring in Poland,
including 1,205 native species (53% of native species) and 194 anthropophytes (56% of anthropophytes). The
chromosome numbers are known for all native species occurring in Poland within 298 genera and 46 families,
and for all anthropophytes from 79 genera and 11 families. The remaining angiosperm groups are less explored:
chromosome counts from Poland are known for 9% of cultivated species and 5% of ephemerophytes. According
to generic basic chromosome numbers, 46.44% of Polish angiosperms have been classified as polyploid. By three
different threshold methods, the contribution of polyploid plants to the Polish flora is 64.64%, 50.89% or
42.89%. Polyploidy is more common among indigenous than non-indigenous plants, and the ploidy distribution
among plants from the Polish Tatras does not differ significantly from that observed in the rest of native Polish
plants.
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INTRODUCTION

Somatic chromosome number is one of the most
basic and useful pieces of information in many areas
of plant research. Significant progress in our knowl-
edge of it has greatly facilitated the resolution of
issues such as the origin, relationships, relative age
and peculiar distribution of plant species.
Chromosomes are not just part of the plant pheno-
type but also the hereditary elements and units of
mutation and transmission. As a remarkably
dynamic feature, chromosome numbers are particu-
larly suited for tracking plant diversification and
evolution. They may be successfully used, in combi-
nation with other features (e.g., habit, nuclear DNA
amount, molecular markers), to construct phyloge-
netic trees, particularly in taxa with extensive varia-
tion in chromosome number (Cerbah et al., 1999;
Watanabe et al., 1999; Ito et al., 2000; Lysak et al.,
2005; Navajas-Perez et al., 2005; Hansen et al.,
2006). 

Karyological studies in Poland began in the
1940s under the guidance of Professor Maria
Skalińska, and in the following decades were con-
tinued by a team in the Department of Plant Cytology
and Embryology of the Jagiellonian University. The

results obtained by this team and other Polish
researchers have been reported in many co-written
and individual papers and summarized in three
publications (Skalińska and Pogan, 1973; Pogan
and Wcisło, 1983, 1990). A synthetic review of the
karyology of Polish angiosperms was made only
once, by Eugenia Pogan in 1972. At that time the
Polish flora was estimated at about 2,300 species, of
which only 19% had chromosome counts (438
species). Narrower karyological syntheses were
made for the flora of the Tatra Mts. (110 species,
Skalińska, 1963) and Polish grasses (55 species,
Frey, 1973; 313 species, Mizianty, 2003). 

Many new chromosome records have been
published since the last publication summarizing
chromosome counts of Polish angiosperms (Pogan
and Wcisło, 1990). For many plants the taxonom-
ic and/or nomenclatural treatments have changed.
This stimulated work on a new summary of chro-
mosome numbers of Polish angiosperms, pub-
lished in the form of the freely available Chromo-
some Number Database (Góralski et al., 2009,
http://www.chromosomes.binoz.uj.edu.pl). This
form of publication is easily searchable and open
for additions as new data are received. The survey
gives the taxonomic and nomenclatural treatments



recommended in the critical checklist of vascular
plants in Poland (Mirek et al., 2002) without
removing the original names used by particular
authors.

The breadth of research examining the karyolo-
gy of Polish angiosperms has allowed us to summa-
rize certain karyological aspects of Polish flora, to
list taxa not tested so far, and to recommend the
main directions of future research. We also used the
collected data to estimate the share of polyploids in
the Polish flora and in particular groups of species.
We hope that this summary will encourage
researchers to complete the data on the chromo-
some numbers of Polish angiosperms at a time
when chromosome counting is not as popular as it
once was in this country.

MATERIALS AND METHODS

Data collected in the Chromosome Number
Database were used to assess the ploidy level of
Polish plants, with particular emphasis on native
and permanently established species. In most cases
it was possible to use information on the lowest
somatic chromosome numbers (LSCN) reported
within genera (Appendix 1 in electronic version).
The data of this subject were obtained primarily
from the Index to Plant Chromosome Numbers
available at http://www.tropicos.org/Project/IPCN.
The LSCNs that do not match the other chromo-
some numbers within the genus have been omitted
in the ploidy estimates, such as 2n=10 recorded in
Phleum echinatum (which in all other Phleum
species is x=7), or 2n=18 in Sagittaria (x=11 for
all other Sagittaria specimens analyzed so far). 

The data on somatic chromosome number(s)
allowed us to specify basic chromosome number(s)
within genera and to calculate the exact ploidy levels
(2x, 3x, 4x, and so on) of the majority of analyzed
species. The basic numbers were additionally con-
sulted with syntheses (Wanscher, 1934; Darlington
and Janaki Ammal, 1945; Darlington and Wylie,
1955; Raven, 1975) and taxon-specific literature.
For two records the chromosome numbers could
not be clearly classified as polyploid or aneuploid on
a particular ploidy level (Scopolia carniolica 2n=46,
Stachys silvatica 2n=66), making it difficult to esti-
mate ploidy precisely; these species were analyzed
only by the threshold methods described below.

Chromosome number data were further used to
assess ploidy level by the threshold methods devel-
oped by Grant (1963), Goldblatt (1980) and Wood et
al. (2009). The threshold value was set at n=14 or
more (Grant 1963) or n=11 or more (Goldblatt
1980). According to Wood et al. (2009), species with
a somatic chromosome number greater than or
equal to 3.5 times the lowest haploid count of the

host genus should be considered polyploid. We
removed taxa known to possess holocentric chro-
mosomes (Cyperaceae, Cuscuta, Luzula) from the
analysis due to extensive chromosome changes
which may lead to simultaneous fusion or fragmen-
tation of individual chromosomes or even whole
chromosome sets (Kuta et al., 2004; Hipp et al.,
2009). Mutations of this kind have nothing to do
with true ploidy changes and make it difficult to
determine the original basic chromosome number
within a genus.

Differences in the proportions of diploid and
polyploid plants, or the proportions of diploid, poly-
ploid and diploid/polyploid species in the compared
datasets, were cross-tabulated (2×2 and 2×3 con-
tingency tables) and analyzed with Pearson's chi-
square test. 

RESULTS AND DISCUSSION

The present Chromosome Number Database com-
prises 3,387 records on the chromosome numbers
of 1,498 species (records relating to the 17 taxa
excluded from the actualized checklist were cen-
sored). This means that we have knowledge of the
chromosome numbers of about 40% of Poland's
angiosperms. This is the estimate for all 3,719
species listed by Mirek et al. (2002) from Poland,
including ephemerophytes, cultivated plants, and 6
species classified "doubtful". The proportion of
native and permanently established species with
known chromosome numbers is higher (see below).
As for the higher taxa, we have karyological data on
60.9% of the genera (26.7% in full and 34.2% in
part) and 78% of the families (15.7% in full and
61.9% in part) (Tab. 1, Appendices 2, 3 in electron-
ic version). There is little evidence of intraspecific
karyological differentiation of Polish plants between
areas of occurrence. Of the 344 taxa analyzed from
the north (N) and south (S) of Poland, only two
showed such variation: Cirsium arvense var. hor-
ridum (N – 2n=34,68; S – 2n=34) and Caltha f. rad-
icans ssp. cornuta (N – 2n=32,56; S – 2n=32,48). 

CHROMOSOME COUNTS OF NATIVE 
AND PERMANENTLY ESTABLISHED TAXA

From the standpoint of research on the structure and
history of the Polish flora, the most important data
concern the karyology of native species and perma-
nently established anthropophytes (hereinafter,
"anthropophytes"). This group of species determines
the distinctiveness of our flora and hence deserve spe-
cial attention. According to the checklist (Mirek et al.,
2002), the Polish flora includes 2,256 native species
and 344 anthropophytes. Chromosome counts were
reported for 1,205 native species (53%) and 194
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anthropophytes (56%). It can therefore be assumed
that the sample size of our study provides a good
taxonomic and ecological representation of these
elements of the Polish flora.

The biggest challenge for the future will be to
make chromosome counts of representatives of large
apomictic genera. So far there has been significant
progress in this respect only for Rubus, in which only
24% of the species (20 of 85) remain to investigate. A
significant group among the 1,201 species without
chromosome counts (1,051 native species and 150
anthropophytes; Appendix 4 in electronic version) are
representatives of Alchemilla (46 species, 79%),
Hieracium (86 species, 83%) and Taraxacum (259
species, 91%). Almost all of these species have been
classified as native to the Polish flora. 

In the most numerous and least-explored
apomictic genus, Taraxacum, with the well defined
basic chromosome number x=8 and dominated by
triploid and tetraploid microspecies, attempts are
being made to develop indirect methods of assessing
ploidy level (Marciniuk et al., 2010a,b). Together
with nuclear 2C DNA measurements they may pro-
vide an alternative to time-consuming chromosome
counting. DNA estimations can also be helpful in
determining ploidy in other agamospermous species
(Trávníèek et al., 2011) and in plants showing huge
chromosome variation in root-tip tissues
(Joachimiak et al. 2001).

It may be quite problematic to make an exhaus-
tive examination of apomictic genera possessing
many hardly recognizable microspecies. After
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TABLE 1. Families and genera presented in the checklist (Mirek et al., 2002) and Chromosome Number Database
(Góralski et al., 2009, onwards); NG Checklist – number of genera in checklist, NG ChND – number of genera in
Chromosome Number Database (April 2011)
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excluding these genera (Alchemilla, Hieracium,
Taraxacum), 1,812 native species remain, of which
1,150 (63%) have established chromosome num-
bers. Among the large non-apomictic genera poorly
researched so far, Carex, with 76 species lacking
chromosome counts, deserves special attention.

Poland's native flora is represented by 533 gen-
era and 111 families; anthropophytes are listed
among 176 genera and 46 families. The karyological
data include chromosome numbers of native species
from 448 genera and 104 families, and anthro-
pophytes from 117 genera and 34 families.
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Chromosome numbers are known for all native
species listed in 298 genera and 46 families, and all
anthropophytes from 79 genera and 11 families. We
have no information on the chromosome numbers of
any of the native species in 85 genera and 7 families,
nor for the anthropophytes listed in 59 genera and 12
families. Most of the genera not examined on this
respect contain 1–2(3) species, with the exception of
Euphrasia (11 native species), Pulsatilla (6 native
species), Minuartia (5 native species), Sagina (5
native species) and Vaccinium (4 native species). The
same applies to unexplored families, with the excep-
tion of Fumariaceae (4 anthropophytes). Although
plants belonging to karyologically unexplored gen-
era/families in Poland represent a small share (9%) of
native and permanently established anthropophyte
species, they form a significant share (17%) of the
plants without established chromosome numbers. 

The data on chromosome numbers of native and
permanently established taxa should be supplement-
ed by direct chromosome counting in the Polish
plants not studied so far. Only then will they be fully
reliable and of use for summarizing the karyology and
distinctiveness of the Polish flora. When possible, the
data on taxa already in the Chromosome Number
Database should be broadened to include plants col-
lected from different localities in Poland. Currently
the data on plants from the south (1,337 species) far
outweigh the data from other areas (Fig. 1). This can
be only partially explained by the higher species rich-
ness of southern Poland. 

OTHER TAXA

The remaining angiosperms recorded from Poland
are classified as cultivated species (534; "frequently
cultivated and having the potential to establish per-
manently in the wild"), ephemerophytes (511), and
extinct or probably extinct (40) (Mirek et al., (2002).
The status of 33 species in Polish flora remains to
be clarified, and 6 previously reported species are
doubtful. 

Almost all of those groups are insufficiently
researched in Poland. Of the taxa with recognized
statuses, the Chromosome Number Database con-
tains only 9% (45) of the cultivated plants, 5% (25)
of the ephemerophytes, and 8% (3) of the extinct or
probably extinct species. Besides those, chromo-
some numbers are known for 64% (21) of the
species with uncertain status. Among the doubtful
species, only Arum maculatum has a record in the
database. 

Much remains to be done in terms of direct
examination of Polish plants, but reliable data on
the two largest poorly investigated groups of species
(cultivated species and ephemerophytes) may be
obtained from existing databases and the scientific
literature. These species come from different, often

remote areas, and presumably their chromosome
numbers are unaffected by the fact of their presence
in Poland. The data obtained indirectly will be a
valuable supplement to the Chromosome Number
Database. For chromosome counting, attention
should focus on cultivated plants and ephemero-
phytes with completely unknown chromosome num-
bers and species showing diverse chromosome
numbers, to determine which cytotype(s) occur in
Poland. The species of interest are listed in
Appendix 5 (in electronic version).

FREQUENCY OF POLYPLOID PLANTS

Polyploidy is the most common karyotype variation
and a key factor in the formation of new vascular
plant species (Stebbins, 1950, 1971; Levin, 2002).
Polyploidization probably was also critical to the
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FFiigg..  22.. Frequency of polyploid species according to four
different estimation methods. P – Polish plants;  1, 2, 3, 4
– polyploidy estimated for flowering plants by Stebbins
(1950), Goldblatt (1980), Grant (1963), and Wood et al.
(2009), respectively.

FFiigg..  11.. Chromosome number data for plants from differ-
ent areas of Poland.



evolution of bryophytes (Przywara and Kuta, 1995;
Kuta and Przywara, 1997). Despite the fundamental
role of polyploidy in plant diversification, the fre-
quency of polyploid speciation in angiosperms is
still a debated issue (Otto and Whitton, 2000; Wood
et al., 2009; Mayrose et al., 2011). 

Polyploidy commonly is inferred when somatic
chromosome numbers among related species follow
a polyploid series (Stebbins, 1950), but this
approach is questionable in the case of ancient
polyploids (Otto and Whitton, 2000). For this rea-
son, various indirect methods have been proposed,
largely based on analysis of haploid chromosome
numbers (Grant, 1963; Stebbins, 1971; Goldblatt,
1980; Masterson, 1994), guard cell size (Masterson,
1994) or molecular traces of ancient genome dupli-
cation (Lysak et al., 2005; Cui et al., 2006).
Depending on the estimation method, the inferred
proportion of polyploid taxa among angiosperms
ranges from 30% to 80% (Bennett, 2004). A recent
in-depth phylogenetic analysis indicates that almost
all angiosperms underwent at least one poly-
ploidization event in their evolutionary history
(Soltis et al., 2009).

When polyploidy was calculated according to
generic basic chromosome numbers, 46.44% of
Polish angiosperm species with chromosome counts
were inferred to be polyploid (possessing three or
more basic chromosome sets). The rest of the plants
showed diploid (49.45%) or diploid/polyploid chro-
mosome numbers (4.11%). That estimate of poly-
ploid frequency in the Polish flora is substantially
higher than the 35% which Stebbins (1950) estimat-
ed for flowering plants by the same method. 

According to two of the three threshold meth-
ods, the contribution of polyploid plants to the
Polish flora is even higher. The obtained scores
(64.64%, 50.89%, 42.89%) are more consistent with
the results for flowering plants from Goldblatt
(1980), Grant (1963) and Wood et al. (2009) (Fig. 2).

On the grounds of basic chromosome numbers,
47.32% of the native species and anthropophytes are
polyploid, 48.35% diploid, and 4.33% diploid or poly-
ploid. There is a considerable difference between
native plants (45.59% diploid species) and anthro-
pophytes (64.95% diploid species). Poly-ploidy is
more common among indigenous than among non-
indigenous plants. The distribution of ploidy levels in
the compared groups is shown in Table 2. 

The difference in the shares of diploids and
polyploids between native plants and anthro-
pophytes is highly significant (χ2=22.16, P<0.0001,
N=1302). On the other hand, anthropophytes do
not differ in this respect from the rest of the non-
indigenous Polish plants with established chromo-
some numbers (χ2=0.03, P>0.8, N=288). The dif-
ferences do not change after diploid/polyploid
species are included in the diploids or polyploids
(data not shown). 

The relatively high frequency of polyploid species
presumably is a specific feature of Poland's indige-
nous flora. The frequencies obtained by the three
threshold methods for native plants (67.58%,
53.46%, 47.22%) and anthropophytes (48.45%,
37.63% and 25.77%) confirmed the substantial dif-
ference between them. The higher share of polyploids
in native plants may be related to the Quaternary his-
tory of Polish flora. The majority of them were recruit-
ed from nearby regions after the last deglaciation,
whereas the anthropophytes arrived relatively recent-
ly. Arguing that polyploids were more successful than
diploids in colonizing deglaciated areas, Brochman et
al. (2004) demonstrated that in arctic plants the fre-
quency of diploids is much higher among taxa
restricted to the Atlantic (glaciated) than to the
Beringian (non-glaciated) region.

Some authors have suggested that polyploids
are better adapted for harsher environmental condi-
tions than diploids are (Flovik, 1940; Brochmann et
al., 2004; Nie et al., 2005, and references therein).
Skalińska (1963), however, reported a relatively low
proportion of polyploids (43.6%) in the Polish
Tatras, based on chromosome counts of 110 taxa.
Our estimates using the basic numbers for 228
species from that area showed 115 (50.44%)
diploid, 107 (46.93%) polyploid and 6 (2.63%)
diploid/polyploid species. A comparison with the
rest of the native Polish plants with chromosome
counts (417, 473 and 49 species, respectively)
showed a nonsignificant difference between the
Tatras and the rest of  Poland (χ2=4.51, P>0.1,
N=1167). This counterintuitive outcome is in
accord with results Hadac (1989) gave for plants
from two mountain valleys in the Slovak Tatras
(51% and 53% diploids). Hadac suggested that high
mountains could provide a favorable habitat for
native diploids because ".. high mountain plants
could well survive [glaciation] in the mountain com-
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TABLE 2. Ploidy distribution among Polish native species and anthropophytes (%)

* – lower and higher polyploids (e.g. 4× and 6×)



plex or in the adjacent tundra, and come back with-
out losing contact with their original home. So the
natural selection of less adapted forms was very
slight and even diploids with a relatively narrow
scale of adaptation could survive."

A study of the alpine flora of the Hengduan Mts.
(Nie et al., 2005) based on 522 taxa belonging to 152
genera and 44 families showed a great prevalence of
diploid taxa (78%). Moreover, the endemic species
from this area (considered one of the world's richest
centers of endemism) were characterized by the low-
est known share of polyploids (only 16%). In this
context it is interesting to examine the frequency of
polyploids among the endemic plants inhabiting
Tatra Mts. 

The Tatras are the northernmost center of
endemism in Europe; there are 34 endemic and
subendemic species (ESS) occurring in the Polish
Tatras (Piękoś-Mirkowa et al., 1996). All of them
except Melampyrum herbichii have chromosome
records in Polish and/or Slovak chromosome num-
ber databases (http://www.binoz.uj.edu.pl:8080/
chromosomes/, Marhold et al., 2007 and
http://www.chromosomes.sav.sk/). According to
basic chromosome number, 11 of them are diploid,
21 polyploid, and 1 diploid/polyploid. Thus, in con-
trast to all Tatra plants, the share of polyploids with-
in this group (63.64%) is extremely high. This value
also differs radically from the proportion calculated
by Nie et al. (2005) for endemic species of the
Hengduan Mts. On the other hand, the ploidy distri-
bution (diploid – polyploid – diploid/polyploid) in
ESS from the Polish Tatras does not differ signifi-
cantly from that observed in all arctic plants analyzed
by Brochman et al. (2004) (χ2=2.78, P>0.2,
N=1752). In terms of the 5 zonal groups distin-
guished by Brochman and coworkers, ESS from the
Tatra Mts. showed the greatest similarity to group 4,
representing mainly arctic taxa with infrequent occur-
rence in boreal and/or temperate alpine areas
(χ2=0.56, P>0.7, N=177). The difference in the pro-
portion of polyploids between ESS (63.64%) and the
rest of the plants from the Tatra Mts. (44.62%) prob-
ably is not conditioned environmentally. The lack of a
direct link between polyploidy and habitat has been
stressed by a number of authors (e.g., Ehrendorfer,
1980; Nie et al., 2005; Brochman et al. 2004). 

This statistical survey showed a significant dif-
ference in the proportion of polyploids between
indigenous and non-indigenous plants and between
ESS and the rest of the plants inhabiting the Tatra
Mts. Further studies on chromosome numbers and
polyploidy in the different taxonomic, geographical
and ecological elements of the Polish flora should
yield more comprehensive data on the extent of
karyological diversification among Polish
angiosperms – and its possible causes.  

REFERENCES

BENNETT MD. 2004. Perspectives on polyploidy in plants –
ancient and neo. Biological Journal of the Linnean
Society 82: 411–423.

BROCHMANN C, BRYSTING AK, ALSOS IG, BORGEN L, GRUNDT HH,
SCHEEN A-C, and ELVEN R. 2004. Polyploidy in arctic
plants. Biological Journal of the Linnean Society 82:
521–536.

CERBAH M, COULAUD J, BROWN SC, and SILJAK-YAKOVLEV S.
1999. Evolutionary DNA variation in the genus
Hypochaeris. Heredity 82: 261–266.

CUI L, WALL PK, LEEBENS-MACK JH, LINDSAY BG, SOLTIS DE,
DOYLE JJ, SOLTIS P, CARLSON JE, ARUMUGANATHAN K,
BARAKAT A, ALBERT VA, MA H, and DEPAMPHILIS CW. 2006.
Widespread genome duplications throughout the history
of flowering plants. Genome Research 16: 738–749.

DARLINGTON CD, and JANAKI AMMAL EK. 1945. Chromosome
Atlas of Cultivated Plants. George Allen & Unwin Ltd.,
London.

DARLINGTON CD, and WYLIE AP. 1955. Chromosome Atlas of
Flowering Plants. George Allen & Unwin Ltd., London.

DOBEŠ C, and VITEK E. 2000. Documented Chromosome
Number Checklist of Austria Vascular Plants. Museum
of Natural History, Vienna.

EHRENDORFER F. 1980. Polyploidy and distribution. In: Lewis
WH [ed.], Polyploidy: Biological Relevance, 45–60. New
York, Plenum Press. 

FLOVIK K. 1940. Chromosome numbers and polyploidy within
the flora of Spitzbergen. Hereditas 26: 430–440.

FREY L. 1973. Niektóre problemy z kariologii i systematyki
traw w Polsce. Wiadomości Botaniczne 17: 151–161.

GRANT V. 1963. The Origin of Adaptations. Columbia
University Press, New York.

GOLDBLATT P. 1980. Polyploidy in angiosperms. In: Lewis WH
[ed.], Polyploidy; Biological Relevance, 219–239.
Plenum, New York.  

GÓRALSKI G, LUBCZYŃSKA P, and JOACHIMIAK AJ. 2009
(onwards). Chromosome Number Database. http://www.
chromosomes.binoz.uj.edu.pl. 

GUERRA M. 1984. New chromosome numbers in Rutaceae.
Plant Systematics and Evolution 146: 13–30.

HADAC E. 1989. Ecological significance of polyploidy in high
mountain plants and plant communities. Folia
Geobotanica et Phytotaxonomica 24: 51–56.

HANSEN AK, GILBERT LE, SIMPSON BB, DOWNIE SR, CERVI AC,
and JANSEN RK. 2006. Phylogenetic relationships and
chromosome number evolution in Passiflora.
Systematic Botany 31: 138–150.

HASTEROK R, DRAPER J, and JENKINS G. 2004. Laying the cyto-
taxonomic foundations of a new model grass,
Brachypodium distachyon (L.) Beauv. Chromosome
Research 12: 397–403.

HIPP AL, ROTHROCK PE, and ROALSON EH. 2009. The evolution
of chromosome arrangements in Carex (Cyperaceae).
Botanical Review 75: 96–109.

HOLUB J, MESICEK J, and JAVURKOVA V. 1971. Annotated chro-
mosome counts of Czechoslovak plants (16–30)
(Materials for "Flora CSSR" – 3). Folia Geobotanica et
Phytotaxonomica 7: 167–202.

Gacek et al.48



ITO M, YAHARA T, KING RM, WATANABE K, OSHITA S, YOKOYAMA J,
and CRAWFORD DJ. 2000. Molecular phylogeny of
Eupatorieae (Asteraceae) estimated from cpDNA RFLP
and its implication for the polyploid origin hypothesis of
the tribe. Journal of Plant Research 113: 91–96.

JOACHIMIAK A, KULA A, ŚLIWIŃSKA E, and SOBIESZCZAŃSKA A.
2001. C-banding and nuclear DNA amount in six Bromus
species. Acta Biologica Cracoviensia Series Botanica
43: 105–115.

KUTA E, BOHANEC B, DUBAS E, VIZINTIN L, and PRZYWARA L.
2004. Chromosome and nuclear DNA study on Luzula –
a genus with holokinetic chromosomes. Genome 47:
246–256.

KUTA E, and PRZYWARA L. 1997. Polyploidy in mosses. Acta
Biologica Cracoviensia Series Botanica 39/1–2: 17–26.

LEVIN DA. 2002. The Role of Chromosomal Change in Plant
Evolution. Oxford University Press, Oxford, New York.

LYSAK MA, KOCH MA, PECINKA A, and SCHUBERT I. 2005.
Chromosome triplication found across the tribe
Brassiceae. Genome Research 15: 516–525.

MAJOVSKY J, MURIN A, FERAKOVA V, HINDAKOVA M, SCHWARZOVA T,
UHRIKOVA A, VACHOVA M, and ZABORSKY J. 1987.
Karyotaxonomicky Prehl'ad Flory Slovenska. VEDA,
Bratislava.

MARCINIUK J, RERAK J, GRABOWSKA-JOACHIMIAK A, JASTRZąB I,
MUSIAŁ K, and JOACHIMIAK AJ. 2010a. Chromosome num-
bers and stomatal cell length in Taraxacum sect.
Palustria from Poland. Acta Biologica Cracoviensia
Series Botanica 52/1: 117–121.

MARCINIUK J, GRABOWSKA-JOACHIMIAK A, and MARCINIUK P.
2010b. Differentiation of the pollen size in five represen-
tatives of Taraxacum sect. Palustria. Biologia 65:
954–957.

MARHOLD K, MARTONFI P, MERED'A P, and MRAZ P. [eds.]. 2007.
Chromosome Number Survey of the Ferns and
Flowering Plants of Slovakia. Veda, Bratislava.

MASTERSON J. 1994. Stomatal size in fossil plants: evidence for
polyploidy in majority of flowering plants. Science 264:
421–424.

MAYROSE I, ZHAN SH, ROTHFELS CJ, MAGNUSON-FORD K, BAKER

MS, RIESENBERG LH, and OTTO SP. 2011. Recently
formed polyploid plants diversify at lower rates. Science
333: 1257.

MIREK Z, PIĘKOŚ-MIRKOWA H, ZAJąC A, and ZAJąC M. 2002.
Flowering Plants of Poland. A Checklist. W. Szafer
Institute of Botany, Polish Academy of Sciences, Kraków. 

MIZIANTY M. 2003. Karyology of grasses in Poland. In: Frey L
[ed.], Problems of Grass Biology, 51–69. W. Szafer
Institute of Botany, Polish Academy of Sciences, Kraków.

NAVAJAS-PEREZ R, DE LA HERRAN R, LOPEZ GONZALEZ G, JAMILENA

M, LOZANO R, RUIZ REJON C, RUIZ REJON M, and GARRIDO-
RAMOS A. 2005. The evolution of reproductive systems
and sex-determining mechanisms within Rumex
(Polygonaceae) inferred from nuclear and chloroplastidi-
al sequence data. Molecular Biology and Evolution 22:
1929–1939.

NIE Z-L, WEN J, GU Z-J, BOUFFORD DE, and SUN H. 2005.
Polyploidy in the flora of the Hengduan Mountains

hotspot, Southwestern China. Annals of the Missouri
Botanical Garden 92: 275–306.

OTTO SP, and WHITTON J. 2000. Polyploid incidence and evo-
lution. Annual Review of Genetics 34: 401–437.

PIĘKOŚ-MIRKOWA H, MIREK Z, and MIECHÓWKA A. 1996. Endemic
vascular plants in the Polish Tatra Mts. Polish Botanical
Studies 12: 1–107.

POGAN E. 1972. Kariologia flory polskiej. In: Szafer W and
Zarzycki K [eds.], Szata Roślinna Polski, vol. 1, 207–234.
Państwowe Wydawnictwo Naukowe, Warszawa. 

POGAN E, and WCISłO H. 1983. A list of chromosome numbers
of Polish angiosperms. II. Acta Biologica Cracoviensia
Series Botanica 25: 103–172.

POGAN E, and WCISłO H. 1990. Chromosome numbers of
Polish angiosperms. Acta Biologica Cracoviensia Series
Botanica 32: 1–169.

PRZYWARA L, and KUTA E. 1995. Karyology of bryophytes.
Polish Botanical Studies 9: 1–83.

RAVEN PH. 1975. The bases of angiosperm phylogeny: cytology.
Annales of Missouri Botanical Garden 62: 724–764.

SKALIŃSKA M. 1963. Cytological studies in the flora of the Tatra
Mts. A synthetic review. Acta Biologica Cracoviensia
Series Botanica 6: 203–233.

SKALIŃSKA M, and POGAN E. 1973. A list of chromosome num-
bers of Polish angiosperms. Acta Biologica Cracoviensia
Series Botanica 16: 145–201. 

SOLTIS DE, ALBERT VA, LEEBENS-MACK J, BELL CD, PATERSON

AH, ZHENG C, SANKOFF D, DEPAMPHILIS CW, WALL PK, and
SOLTIS PS. 2009. Polyploidy and angiosperm diversifica-
tion. American Journal of Botany 96: 336–348.

STEBBINS GJ. 1950. Variation and Evolution in Plants.
Columbia University Press, New York.

STEBBINS GJ. 1971. Chromosomal Evolution in Higher Plants.
Addison-Wesley, London.

STEDJE B. 1988. A new low chromosome number for
Ornithogalum tenuifolium (Hyacinthaceae). Plant
Systematics and Evolution 161: 65–69.

STOEVA M. 1982. In: IOPB chromosome number reports 76.
Taxon 31: 579–580.

TISCHLER G. 1950. Die Chromosomenzahlen der Gefaß-
pflanzen Mitteleuropas. W. Junk, s-Gravenhage.

TRÁVNÍÈEK P, DOÈKALOVÁ Z, ROSENBAUMOVÁ R, KUBÁTOVÁ B,
SZELĄG Z, and CHRTEK J. 2011. Bridging global and
microregional scales: ploidy distribution in Pilosella
echioides (Asteraceae) in central Europe. Annals of
Botany 107: 443–454.

WANSCHER JH. 1934. The basic chromosome number of the
higher plants. New Phytologist 33: 101–126.

WATANABE K, YAHARA T, DENDA T, and KOSUGE K. 1999.
Chromosomal evolution in the genus Brachyscome
(Asteraceae, Astereae): statistical tests regarding correla-
tion between changes in karyotype and habit using phy-
logenetic information. Journal of Plant Research 112:
145–161.

WOOD TE, TAKEBAYASHI N, BARKER MS, MAYROSE I, GREENSPOON PB,
and RIESEBERG LH. 2009. The frequency of polyploid spe-
ciation in vascular plants. Proceedings of the National
Acadademy of Sciences U.S.A. 106: 13875–13879.

Chromosome numbers and polyploidy in Polish angiosperms 49



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


