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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.

Key words: Chromosome numbers, Polish flora, polyploidy, threshold method, mountain plants.

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 knowledge 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 phenotype but also the hereditary elements and units of
mutation and transmission. As a remarkably
dynamic feature, chromosome numbers are particularly suited for tracking plant diversification and
evolution. They may be successfully used, in combination with other features (e.g., habit, nuclear DNA
amount, molecular markers), to construct phylogenetic trees, particularly in taxa with extensive variation 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 continued 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 taxonomic and/or nomenclatural treatments have changed.
This stimulated work on a new summary of chromosome numbers of Polish angiosperms, published in the form of the freely available Chromosome 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
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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 karyology of Polish angiosperms has allowed us to summarize 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 chromosome 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 chromosome 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 consulted 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 estimate 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 developed 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 chromosomes (Cyperaceae, Cuscuta, Luzula) from the
analysis due to extensive chromosome changes
which may lead to simultaneous fusion or fragmentation 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, polyploid and diploid/polyploid species in the compared
datasets, were cross-tabulated (2×2 and 2×3 contingency tables) and analyzed with Pearson's chisquare test.

RESULTS AND DISCUSSION
The present Chromosome Number Database comprises 3,387 records on the chromosome numbers
of 1,498 species (records relating to the 17 taxa
excluded from the actualized checklist were censored). 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 electronic 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. horridum (N – 2n=34,68; S – 2n=34) and Caltha f. radicans 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 permanently established anthropophytes (hereinafter,
"anthropophytes"). This group of species determines
the distinctiveness of our flora and hence deserve special 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.
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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 provide 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 exhaustive examination of apomictic genera possessing
many hardly recognizable microspecies. After

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 numbers. 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 genera 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 anthropophytes 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 exception of Fumariaceae (4 anthropophytes). Although
plants belonging to karyologically unexplored genera/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 supplemented 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 collected 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 richness of southern Poland.

Fig. 1. Chromosome number data for plants from different areas of Poland.

OTHER TAXA

The remaining angiosperms recorded from Poland
are classified as cultivated species (534; "frequently
cultivated and having the potential to establish permanently 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 contains only 9% (45) of the cultivated plants, 5% (25)
of the ephemerophytes, and 8% (3) of the extinct or
probably extinct species. Besides those, chromosome 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

Fig. 2. 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.

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 ephemerophytes with completely unknown chromosome numbers 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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TABLE 2. Ploidy distribution among Polish native species and anthropophytes (%)

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

evolution of bryophytes (Przywara and Kuta, 1995;
Kuta and Przywara, 1997). Despite the fundamental
role of polyploidy in plant diversification, the frequency 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 reason, 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 duplication (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 polyploidization 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 chromosome numbers (4.11%). That estimate of polyploid frequency in the Polish flora is substantially
higher than the 35% which Stebbins (1950) estimated for flowering plants by the same method.
According to two of the three threshold methods, 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 polyploid. There is a considerable difference between
native plants (45.59% diploid species) and anthropophytes (64.95% diploid species). Poly-ploidy is
more common among indigenous than among nonindigenous 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 anthropophytes 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 nonindigenous Polish plants with established chromosome numbers (χ2=0.03, P>0.8, N=288). The differences 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 indigenous 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 difference between them. The higher share of polyploids
in native plants may be related to the Quaternary history of Polish flora. The majority of them were recruited from nearby regions after the last deglaciation,
whereas the anthropophytes arrived relatively recently. Arguing that polyploids were more successful than
diploids in colonizing deglaciated areas, Brochman et
al. (2004) demonstrated that in arctic plants the frequency 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 conditions 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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plex or in the adjacent tundra, and come back without 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 lowest 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 number 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 contrast to all Tatra plants, the share of polyploids within 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 distribution (diploid – polyploid – diploid/polyploid) in
ESS from the Polish Tatras does not differ significantly 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 distinguished by Brochman and coworkers, ESS from the
Tatra Mts. showed the greatest similarity to group 4,
representing mainly arctic taxa with infrequent occurrence in boreal and/or temperate alpine areas
(χ2=0.56, P>0.7, N=177). The difference in the proportion of polyploids between ESS (63.64%) and the
rest of the plants from the Tatra Mts. (44.62%) probably 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 difference 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.
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