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POLYPODIUM INTERJECTUM AND P. xMANTONIAE
(POLYPODIACEAE) IN THE POLISH SUDETES

Ewa SzczeSNIAK!, IWONA JEDRZEICZYK, EDYTA M. GoLA, REMIGIUSZ PIELECH,
KAMILA RECZYNSKA & KRZYSZTOF SWIERKOSZ

Abstract. Detailed analyses of micro- and macromorphological features of 247 specimens representing the Polypodium vulgare
complex, combined with DNA content measurements, revealed the presence of tetraploid P. vulgare s.str., hexaploid P. inter-
Jjectum and the pentaploid hybrid P. x mantoniae in the Polish Sudetes. For species identification, sporangium structure (number
of indurated and basal annulus cells) was found to be the most stable and thus the most valuable and taxonomically significant
character. The size of spores and stomata was related to taxon ploidy level, and helped to differentiate the examined taxa. Poly-
podium interjectum was identified from only one locality in the Pogérze Kaczawskie foothills; P. x mantoniae was more widely
distributed, suggesting that it is rather common in the Polish Sudetes. Both newly reported taxa occur mainly on basic or neutral
rock in sheltered, shaded or semi-shaded habitats.
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INTRODUCTION

The polyphyletic genus Polypodium L. is dis-
tributed worldwide (e.g., Haufler et al. 1993;
Lu & Haufler 2013). Species of the genus occur
mostly in tropical areas of America, and less fre-
quently in the Old World. The taxonomy of this
genus remains unresolved; the number of species
is variously estimated at ca 100 (Dostal & Reich-
stein 1984; Haufler ez al. 1993), 150-170 (Hassler
& Swale 2001), and up to 200 (Hennipman et al.
1990). Species recorded in Europe represent the
polymorphic Polypodium vulgare complex sensu
Shivas (1962). Species identification used to
be based mostly on macroscopic features (e.g.,
Milde 1858; Rothmaler 1929). More recently the
karyological delimitation of the taxa proposed by
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Manton (1947, 1950) and Shivas (1961a, b, 1962)
is generally accepted.

In Poland almost all collected specimens of
Polypodium have been classified as P. vulgare L.,
as this fern was not previously recognized as a spe-
cies complex (Zajac & Zajac 2001). Polypodium
vulgare s.str. is widely distributed and is the most
commonly recorded species of this complex. In
neighboring countries, two other taxa are present:
P interjectum Shivas and P. x mantoniae Rothm.
(e.g., Rothmaler 1994; Benkert ef al. 1998; Holub
& Kubat 1999; Kubat 2002; Bures et al. 2003).

Polypodium interjectum is a hexaploid species
which originated due to allopolyploidization of the
triploid hybrid P. vulgare L. x P. cambricum L.
(P. xfont-queri Rothm.). It is a European taxon
with a sub-Atlantic—sub-Mediterranean range,
distributed in Western and Central Europe, north-
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wards to Scotland and Norway, and eastwards to
the Baltic region (Valentine et al. 1993; Nielsen
& Johnsen 2000; Harmaja 2012). The easternmost
European localities are reported from Kaliningrad
and southeast of Moscow in Russia, near Rakhov
in western Ukraine (Fedorov 1974), and on the
Crimean Pennisula (Seregin 2008; Vaszeka & Bez-
smertna 2012). In Poland it was reported from only
one locality near Szczecin (Dostal & Reichstein
1984); its occurrence was not confirmed later.
Polypodium interjectum was not included in either
edition of the checklist of the Polish flora (Mirek
et al. 1995, 2002), nor in the Distribution Atlas of
Vascular Plants in Poland (Zajac & Zajac 2001),
but the station near Szczecin was mentioned by
Rutkowski (2006).

Polypodium x mantoniae is a pentaploid hy-
brid of P. vulgare and P. interjectum recorded
throughout the shared range of the parental spe-
cies. The macromorphological features of the
parental taxa and the hybrid vary greatly, so a
given taxon can be properly delimited only by
observation of the micromorphological features
of sporangia, spores and stomata (e.g., Shivas
1961a, b; Valentine et al. 1993; HrSak 2000;
Bures et al. 2003; Helanova et al. 2004; Page
2004; Ivanova 2006; Szczg$niak et al. 2012). In
Poland the hybrid was first found in 2011 in a pine
forest on northern cliffs of Wolin Island (Zenkteler
& Jedrzejezyk 2012).

Morphological similarities hinder species de-
termination within the P. vulgare complex. The
presence of all three of these taxa in the vicinity
of the Polish Sudetes prompted us to undertake
detailed research on them, in order to determine
which taxa of the P. vulgare complex are present
in the Polish Sudetes, and their habitat preferences
and distribution range. We also sought to find out
which micro- and macromorphological characters
are most useful for their identification.

MATERIALS AND METHODS

In 2011 and 2012 we examined 247 specimens from
35 known localities of the P. vulgare complex in the
Polish Sudetes and their foreland: 25 randomly selected
sites, and 10 populations of Polypodium in the Sudetes

foreland and foothills that had developed on basic to
slightly acid substrate preferred by P. interjectum and
P. xmantoniae (Table 1). All sampled sites are sheltered
and protected from winter winds, have a rather humid
microclimate, and are entirely or partially shaded by
deciduous forest.

To identify particular taxa within the P. vulgare
complex, we analyzed micromorphological features of
sporangia (number of indurated annulus cells and an-
nulus basal cells) and measured the size of spores and
stomata. All analyses used material from pinnae from
the middle parts of sori-bearing leaves. The number
of annulus cells was counted in 30 sporangia or in all
matured sporangia developed in 5 sori. To measure sto-
mata size, the basal parts of collected and dried pinnae
were soaked with warm water for at least 15 min, and
strips of the abaxial epidermis were peeled. Next, im-
ages of randomly selected stomata were taken with an
Olympus BX50 microscope/DP71 digital camera system
working with Cell"B software (Olympus SA, Poland).
Spores were also documented with digital images. Then
the length of stomata and the length of spores, which
in Polypodium are ellipsoidal, were measured along
the long axis of the ellipse. These were assessed using
AxioVision LE 4.2. (Carl Zeiss Microlmaging GmbH,
Germany). Thirty measurements of each specimen were
made, except in hybrids; due to the high frequency of
aborted spores, each of those specimens had 5-30
measurements made. In addition, macromorphological
features were analyzed, including leaf shape, leaf size,
and leaf blade/stalk length ratio.

To confirm the species identifications, ploidy level
and nuclear DNA content were determined using flow
cytometry. For ploidy level estimation, leaves of the
tetraploid species P. vulgare (2n = 4x = 148) were used
as a reference standard of known ploidy; those plants
were obtained from the Botanical Garden of the Uni-
versity of Wroctaw. Genome size was determined in 50
fresh young leaves of ferns from the examined popu-
lations, including those typified as P. interjectum and
P. xmantoniae on the basis of morphological features
and/or habitat, and also doubtful specimens without
developed sporangia (Table 1). Leaves of Pisum sativum
cv. Set (9.11 pg/2C; Sliwinska et al. 2005) were the
internal standard.

Samples were prepared according to Galbraith
et al. (1983), with some modifications. Plant tissues of
the target species and the standard were chopped with
a sharp razor blade in a plastic Petri dish containing
1 mL nucleus isolation buffer (0.1 M Tris, 2.5 mM
MgCl,x6H,0, 85 mM NaCl, 0.1% (v/v) Triton X-100;
pH 7.0) supplemented with 4,6’-diamidino-2-phenyl-
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Table 1. List of analyzed populations and taxa of the Polypodium vulgare complex recognized in the Polish Sudetes. * — taxon
determination confirmed by flow cytometry, shaded block — localities chosen for their substrate characteristics.

Locality and habitat [ATPOL grid square] ‘ P, vulgare ‘ P. interjectum | P. X mantoniae

SUDETES FORELAND

1. Wzgorza Strzegomskie hills. Géra Sw. Jerzego Mt., W exp., 340 m as.l., 3 - +*
abandoned basalt quarry, Aceri-Tilietum [BE64]

2. Wzgbrza Strzegomskie hills. Gora Krzyzowa Mt., NW exp., 345 m a.s.l., 4 - -
basalt, Galio-Carpinetum [BE64]

3. Wzgobrza Kietezynskie hills. Gogotow, N exp., 295 m a.s.l., abandoned ser- +* - -
pentine rock quarry, degraded oak forest [BE76]

4. Sleza Massif. Sady, Sleza Mt., W exp., 350 m a.s.l., granite, degraded Galio- + - -
Carpinetum [BE76]

5. Sleza Massif. Gory Skalne, Sleza Mt., W exp., 510 m a.s.1., gabbro, Hypno- + - -
Polypodietum [BE76]

6. Sleza Massif. Géra Radunia Nature Reserve, NW exp., 560 m a.s.l., serpentine +* - +*
rock, Androsacion vandellii, shaded by oak forest [BE76]

7. Slgza Massif. Géra Radunia Nature Reserve, NW exp., 500 m a.s.1., serpentine 4 = +
rock, degraded Quercus petraea — Fagus silvatica forest [BE76]

8. Sleza Massif. Swigtniki, NW exp., 180 m a.s.l., abandoned serpentine quarry, + - -
Hypno-Polypodietum [BE77]

9. Wzgobrza Niemczansko-Strzelinskie hills. Gilow, NE exp., 240 m a.s.l., gneiss + - -

(?), Hypno-Polypodietum, degraded Galio-Carpinetum [BE97]

10. Wzgorza Niemczansko-Strzelinskie hills. Szklary, NW exp., 330 m a.s.L., + - -
abandoned serpentine quarry, Hypno-Polypodietum [BE97]

11. Wzgoérza Niemczansko-Strzelinskie hills. Zakrzow, W exp., 260 m a.s.l., + - -
slate (?) outcrop, Galio-Carpinetum [BE99]

SUDETES FOOTHILL

12. Pogorze Izerskie foothills. Panienskie Skaly near Lwowek Slaski, N exp., + - -
230 m a.s.l., sandstone, oak-pine forest, Hypno-Polypodietum [AE49]

13. Pogorze Izerskie foothills. Barcinek, Kamienica river valley, W exp., 330 m + - -
a.s.l., granite, Androsacion vandellii [AE69]

14. Pogorze Kaczawskie foothills. Ostrzyca Proboszczowicka Nature Reserve, + - +
W, N & E exp., 480—495 m a.s.l., basalt, Androsacion vandellii, Aceri-Tilietum

[BE40]

15. Pogorze Kaczawskie foothills. Bogaczowice, W exp., 290 m a.s.l., abandoned + - +
slate (?) quarry, degraded Galio-Carpinetum [BE42]

16. Pogorze Kaczawskie foothills. Swierzawa, NW exp., 270 m a.s.l., trachy- + - +
basalt (?) rock near stream, Quercion robori-petraeae [BES2]

17. Pogorze Kaczawskie foothills. Czartowska Skata, N exp., 460 m a.s.l., 4 - -
basalt, Hypno-Polypodietum [BES2]

18. Pogorze Kaczawskie foothills. Wawo6z Mysliborski Nature Reserve, E & NW 4 - 4
exp., 340 m a.s.l., greenstone, Androsacion vandellii, Aceri-Tilietum [BE52]

19. Pogérze Kaczawskie foothills. Wawéz Lipa Nature Reserve, E exp., 360 m + +* +
a.s.l., greenstone, Aceri-Tilietum [BES2]

20. Pogorze Kaczawskie foothills. Nad Grobla Nature Reserve, E, W exp., + - W

290 m a.s.l., greenstone, Aceri-Tilietum [BE52]
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Table 1. Continued.

Locality and habitat [ATPOL grid square] P. vulgare | P. interjectum | P. x mantoniae
21. Pogorze Kaczawskie foothills. Schody Mt. near Kwietniki village, W, NW + = +*
& N exp., 340-350 m a.s.l., porphyry, Aceri-Tilietum [BE62]

22. Pogorze Walbrzysko-Bolkowskie foothills. Szczawnik river valley, E exp., + - -
360 m a.s.l., conglomerat, Aceri-Tilietum [BE73]

23. Pogbrze Watbrzysko-Bolkowskie foothills. Zagorze Slaskie, W & NW exp., +* - +*
345 m a.s.l., gneiss, Androsacion vandelii [BE84]

24. Pogorze Walbrzysko-Bolkowskie foothills. Bystrzyca Gorna, E exp., + - -
340 m a.s.l., gneiss, Androsacion vandelii [BESS5]

SUDETES MOUNTAINS

25. Gory Kaczawskie Mts. Pilchowice, near dam, N exp., 310 m a.s.l., basalt, +* - —
Androsacion vandelii [AES59]

26. Karkonosze Mts. Jagniatkow, E exp., 655 m a.s.l., old stony wall of stream + - +
bank, anthropogenic spruce forest

27. Karkonosze Mts. Borowice, E exp., 650 m a.s.1., old stony wall [AE79] + - -
28. Karkonosze Mts. Chojnik, W exp., 420 m a.s.., soil scarp, degraded Galio- + - -
Carpinetum [AE79]

29. Karkonosze Mts. Chojnik — castle, W exp., 625 m a.s.l., granite, Androsa- + - -
cion vandelii [AE79]

30. Gory Kamienne Mts. Krucza Skata, W exp., 670 m a.s.l., trachybasalt, + - -
Androsacion vandelii [BE91]

31. Gory Watbrzyskie Mts. Grzmiaca, E exp., 460 m a.s.l., greystone, Andro- + - -
sacion vandelii [BE94]

32. Gory Sowie Mts. Kamionki Gorne, E exp., 560 m a.s.l., serpentine rock, + - -
Androsacion vandelii [BE95]

33. Gory Sowie Mts. Nowa Bielawa, NW exp., 520 m a.s.l,, gneiss, degraded + - -
beech forest [BE9S]

34. Gory Bardzkie Mts. Bardo, Nysa river valley, SW exp., 230 m a.s.l., mud- + - -
stone and slate, Androsacion vandelii [BF16]

35. Snieznik Massif. Migdzygorze, Gora Parkowa Mt., exp. W, 610 m a.s.l., + — —
gneiss, Androsacion vandelii [BF47]

indole (DAPI, 2 pg/mL) for ploidy level, or propidium
iodide (PI, 50 ng/mL) and ribonuclease A (50 pg/mL)
for genome size estimation. Additionally, the buffer
was modified by adding 1% (w/v) polyvinylpyrrolidone
(PVP-10) to neutralize fluorochrome-staining inhibitors
present in the cytosol of P. vulgare, P. interjectum, and
P. xmantoniae and to improve histogram quality. After
chopping, the suspension of nuclei was passed through
a nylon filter (50 um mesh). For ploidy level analysis,
5000-7000 nuclei were measured using a Partec CCA
flow cytometer (Miinster, Germany), equipped with
a mercury UV lamp. For nuclear DNA content, 7000—
10,000 nuclei were measured using a Partec CyFlow
SL Green flow cytometer (Miinster, Germany) equipped

with a laser with green light emission at 532 nm; these
analyses were done in five replicates. Histograms were
analyzed using FloMax software (Miinster, Germany).
Nuclear genome size was calculated for P. vulgare,
P, interjectum, and P. x mantoniae using the linear re-
lationship of the ratios between the 2C peak positions
of the target species and P, sativum on the fluorescence
intensity histogram. Mean coefficients of variation of
the 2C nuclei were estimated for all samples of the
analyzed Polypodium species.

A distribution map was generated on 10x 10 km
squares of the ATPOL grid (Zajac 1978) using ArcGIS
software. Plant community nomenclature follows Ma-
tuszkiewicz (2008).
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RESULTS

Polypodium vulgare was present at all sites ex-
amined (164 specimens). At 12 of them we also
noted specimens that could not be classified as
P vulgare. Eight of those specimens occurred at
sites selected as probable habitats based on sub-
strate type, and only 4 of those specimens at ran-
domly chosen sites. We confirmed the presence of
P. interjectum (16 specimens) and P. x mantoniae
(67 specimens). The results of taxon validation are
presented in Table 1.

DNA CONTENT, MICRO- AND
MACROMORPHOLOGICAL ANALYSES

Mean nuclear DNA content determined in our
study was 30.63 + 0.45 pg/2C for tetraploid P.
vulgare (2n = 4x = 148), 46.95 + 0.47 pg/2C for
hexaploid P. interjectum (2n = 6x = 222), and
38.66 + 0.43 pg/2C for pentaploid P. x mantoniae
(2n = 5x = 185) (Table 2). All samples of a given
taxon had the same DNA ploidy level as calculated
versus the tetraploid standard, P. vulgare.

The ranges of values for all the analyzed traits
overlapped across the studied taxa, with the hy-
brid P. x mantoniae showing distinctly transitional
features (Table 2). Micromorphological features
of the annulus were the most diagnostic: P. vul-
gare usually had a single basal cell and numerous
annulus cells (12—13), while 2-3 basal cells and
a relatively short annulus with 7-9 indurated cells
pointed to P. interjectum. Polypodium x mantoniae
showed intermediate values, with 1-2 basal cells
and 10-11 indurated cells. The other analyzed mi-
cromorphological characters were spore and sto-
mata size. The spores were elliptical or slightly

bean-shaped in outline, and reached approximately
60 pm along the long axis in P, vulgare, 73—74 pm
in P, interjectum, and ca 66 um in P. x mantoniae.
On average, stomata cells were ca 49 um long in
P. vulgare, ca 58 um long in P. interjectum, and
ca 54 um long P. x mantoniae, again an interme-
diate value.

The fronds varied considerably in size, outline
and leaf blade/stalk length ratio (Table 3), and
varied similarly among all taxa analyzed. There
were some differences in venation pattern. More
than half of the leaves of P. interjectum had tri-
furcated veins (57%), while in P. vulgare they
were usually bifurcated (64%). Leaf shape dif-
fered slightly between P. interjectum and P. vul-
gare: in P. interjectum they were mostly oval or
lanceolate in outline, and linear leaves were not
observed, whereas in P. vulgare the leaves were
more lanceolate and linear (Fig. 1). The tips of
pinnae were acute in P. interjectum (43%) and
rounded in P, vulgare (34%), but the most common
forms in both species were leaves with slightly
acute tips (50% and 42% respectively). Fronds of
P. xmantoniae showed the entire range of morpho-
logical variability of the two parental species. At
exposed sites the fronds of all taxa became shorter,
much more coriaceous, and more yellow-green
than those grown in shade.

DISTRIBUTION AND HABITAT OF POLYPODIUM
INTERJECTUM AND P. X MANTONIAE

The specimens of P. interjectum were found in
one location at ca 360 m a.s.l. in the Wawoz
Lipa Nature Reserve in the Pogorze Kaczawskie
foothills, Western Sudetes (Fig. 2, Table 1),
where they occurred together with P. vulgare and

Table 2. Results of micromorphological observations and nuclear DNA content analyses for Polypodium vulgare L., P. interjectum
Shivas and P. xmantoniae Rothm., from material of ferns of the populations in the Polish Sudetes.

Length of stomata
[um]

Nuclear DNA content
[pg]

Length of spores
[um]

min-max [mean + SD]

Feature Number Number
Taxon of annulus cells of basal cells
P, vulgare (7)11-12-13-14(17) 0)1(2)
P. interjectum 5)7-9(12) (1)2-3(4-5)
P. xmantoniae | (4)8-10-11-12(16) | 1-2-3(4-5)

40-59 [49.1+4.38]
45-66 [58.7+3.13]
40-69 [54.2+3.83]

4474 [60.144.83]
54-95 [73.245.49]
44-95 [66.7+6.91]

29.81-31.83 [30.63 + 0.45]
46.41-47.55 [46.95 + 0.47]
38.10-39.79 [38.66 + 0.43]
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Fig. 1. Leaf outline: A — oval of Polypodium interjectum Shivas
(Wawoz Lipa Nature Reserve), B —lanceolate of P. x mantoniae
Rothm. (Swarna Géra), C — linear of P. vulgare L. (Bogdaszo-
wice). Photo E. Szczeséniak.

P. xmantoniae, growing in the deep narrow gorge
of a small stream. The gorge is carved in greenstone
open to the south and protected from cold north-
west and north winds. The population colonizes

natural rock outcrops shaded by the maple-linden
slope forest association Aceri-Tilietum Faber 1936.

Polypodium x mantoniae was present at 4 ran-
domly selected sites and at 8 of 10 sites chosen
for their non-acid substrate. The hybrid was noted
in the Sudetes foreland, foothills and mountains
(Fig. 2, Table 1) at 270-655 m a.s.l., mainly in
the premontane vegetation zone. It was observed
to prefer shaded or semi-shaded habitats, mostly
on outcrops in forests of the Aceri-Tilietum asso-
ciation. At two localities it was recorded only in
pioneer communities of the Androsacion vandellii
Br.-Bl. in Br.-Bl. et Jenny 1926 alliance, developed
on exposed rock. At one location, P. x mantoniae
was observed in crevices of an old wall.

DiscussION

Delimitation of taxa within the P, vulgare complex
is difficult and often impossible due to high phe-
notypic variability, partly resulting from ancient
events of polyploidization and interspecific hybrid-
ization. To deal with the difficulty we correlated
different macro- and micromorphological features
with data obtained by the most reliable method for
identifying Polypodium cytotypes, flow cytom-
etry, to verify the presence of the three taxa of the
P. vulgare complex in the Polish Sudetes. To the
best of our knowledge these are the first reliable
data on P, interjectum in the Polish flora, and the
second on P. xmantoniae (Zenkteler & Jedrzejczyk
2012) but the first for the region.

Table 3. Size and macromorphological characters of leaves of Polypodium vulgare L., P. interjectum Shivas and P. x mantoniae

Rothm. from the analyzed populations.

Feature Lquth of leaf (cm) Leaf characteristics
min—max [mean] Blade to
hole stalk ratio shape . . venation (number
T W
axon frond stalk blade of leaf blade tip of pinnac of forks)
H _ 0 _ 0
1647 5518 9531 | 1026 |lnear—38% rounded — 34% (1)2 - 64%
P. vulgare [30.1] [11.2] [19.8] [1.7] lanceolate — 42%  slightly acute — 42% 3(4) - 36%
) ) ’ ' oval — 20% acute — 24% 0
1 — 0o __ 10,
o 2441 6185 1530 | 1038 | mear—0% rounded - 7% 2-43%
P. interjectum [32.1] (1] [21.4] [2.0] lanceolate — 43%  slightly acute — 50% 3579
’ ’ ' oval — 57% acute — 43% ?
: 0, _ 0,
P. xman-| 15558 618  10-30 | 1.1-29 |lnear10% rounded - 36% (1)2 - 53%
toniae [31.7] [11.1] [19.3] [1.9] lanceolate 62% slightly acute — 33% 3 _ 479
: ‘ ‘ ' oval 28% acute — 31% ’
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Fig. 2. Distribution of research locations and taxa in 10x10
km squares of the ATPOL grid: o — only Polypodium vulgare
L., @ — P vulgare and P. X mantoniae Rothm., m — P. vulgare,
P. xmantoniae and P. interjectum Shivas.

Polypodium interjectum was earlier reported
from the Eastern Sudetes (Niski Jesionik range)
and the foothills of the Western Sudetes (Po-
gorze Luzyckie foreland) in the Czech Republic
(Cvancara 1987; Bures et al. 2003) and Germany
(Hardtke & Ihl 2000). The new Polish locality sup-
plements the range of the species, which reaches
the regional northeastern border of its continental
range in western and southwestern Poland. New
localities of this fern are quite likely to be found, in
view of its distribution in German and Czech parts
of the Sudetes and in the vicinity of the Moravian
Gate (Cvancara 1987; Benkert ef al. 1998; Hardtke
& Thl 2000; Bures et al. 2003), as well as the pres-
ence of its hybrid and of favorable habitats in the
Polish Sudetes.

The hybrid P. x mantoniae was earlier reported
and confirmed by flow cytometry on Wolin Island
(Zenkteler & Jedrzejczyk 2012). The present re-
search indicated that it often co-occurs in dense
mats together with the parental species P. vulgare,
from which it is difficult to distinguish. Our pre-
liminary survey suggests that P. x mantoniae is
rather common in western Poland, especially at
lower locations in the Sudetes, but the overall
distribution of this hybrid in Poland needs to be
determined through detailed studies and revision.

It is often a problem to determine P. inter-
Jjectum and P. x mantoniae based only on macro-
morphological characters, since the size and shape
of fronds as well as the venation pattern strongly
depend on habitat conditions (Shivas 1961b). Poly-
podium interjectum is usually a larger plant than
P. vulgare (which occurs in the same habitats in
the Polish Sudetes), and its fronds are more oval
in shape and have more acute pinnae. Its sori are
pale yellow to brown (not orange as in P. vulgare)
and oval in shape; the annulus is often bicolor or
pale brown. According to the literature (Shivas
1961b; Hrsak 2000; Bures et al. 2003), however,
these characters are variable and thus not diag-
nostic for P. interjectum. Moreover, all of these
characteristics are observed in some specimens
of P. xmantoniae, as the hybrid presents a wide
range of morphological variability between the
parental species. More reliable are micromorpho-
logical features such as annulus structure, which
can be useful in delimiting particular taxa of the
P. vulgare complex (Szcze$niak et al. 2012). The
numerical values obtained in our work are similar
to those given in the species diagnosis (Shivas
1961b) and literature (e.g., Hrsak 2000; Bures et
al. 2003; Helanova et al. 2004). An exception was
the number of indurated annulus cells which Iva-
nova (2006) found in P. interjectum in Bulgaria,
reaching the relatively high value of 9—14(-20)
cells, overlapping with the 11-13 indurated cells
of P. vulgare; the overlap prompted her to ques-
tion the diagnostic value of this character in the
Bulgarian specimens.

Useful features for species identification are
traits known to be related to the ploidy level of
a taxon: spore and stomata size (e.g., Stebbins
1971; Kott & Britton 1982; Przywara et al. 1988;
Joachimiak & Grabowska-Joachimiak 2000; Arya-
vand et al. 2003; Beck et al. 2003, 2010; Gabriel
y Galan et al. 2011). Recently they were used for
re-identification of Polypodium vouchers from
the Botanical Museum of the Finnish Museum of
Natural History (Harmaja 2012). However, the
measured sizes of spores and stomata given in
the literature for the P. vulgare complex are quite
variable (Benoit 1966; Bures et al. 2003; Helanova
et al. 2004; Ivanova 2006). All published sources
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generally bear out the same tendency: the stomata
size values for P. vulgare (tetraploid) are lower
than those for P, interjectum (hexaploid), with size
ranges overlapping only slightly. The natural hy-
brid between those two taxa (pentaploid P. x man-
toniae) shows intermediate size values. Spore size
presents a similar tendency (Bures et al. 2003;
Helanova et al. 2004; Ivanova 2006). Our results
are in accord with the general tendency, although
particular values are closer to the lower extreme.

Discrepancies between specific values can be
due to the method of measurement (the use of
a microscope ocular or software can introduce dif-
ferent degrees of accuracy), differences in stomata
size depending on the degree of pore opening,
and/or phenotypic variability of a species due to
environmental factors.

Interestingly, the material we examined con-
tained many abortive spores and sporangia. Such
a phenomenon is well known for triploid or pen-
taploid taxa, which due to difficulties with meiotic
division frequently produce distorted indehiscent
sporangia and only a few, often abnormal spores
(Kott & Britton 1982; Ivanova 2006). Thus the
high number of abortive spores we noted in pen-
taploid P. x mantoniae is not surprising; the hybrid
also often produced sterile leaves or leaves with
only small marks at sites of potential sporangia.
Polypodium interjectum is a stable hexaploid
which usually forms normal sporangia and spores.

In many cases the only reliable ways to identify
a taxon are to count the number of chromosomes
or to estimate nuclear DNA content and calculate
the ratio of a particular taxon’s DNA. The average
2C DNA content of tetraploid P. vulgare deter-
mined in our study was 30.63 pg, very similar to
the value reported by Zenkteler and Jedrzejczyk
(2012) and close to the genome size published
by Murray (1985) and Bure$ et al. (2003). For
hexaploid P. interjectum we found DNA con-
tent to be 46.95 pg/2C, similar to the value pub-
lished by Bure$ et al. (2003) but differing from
the 39.32 pg reported by Murray (1985) and the
37.50 pg given by Redondo et al. (1999). For the
pentaploid hybrid P. xmantoniae, genome size
was 38.66 pg/2C, similar to that determined by
Zenkteler and Jedrzejczyk (2012) and Bures et al.

(2003) but differing from the 35.66 pg reported
by Murray (1985) and the 31.5 pg found by Re-
dondo et al. (1999). Loureiro et al. (2005) stated
that such differences between laboratories are
common and can result from, for example, the use
of different estimation methods, nuclei isolation
buffers, DNA staining fluorochromes or internal
standards. The coefficients of variation obtained
for P. vulgare (mean 4.81%), P. interjectum (mean
4.55%) and P. x mantoniae (mean 4.30%) were
very close to the acceptance value of 5% (DoleZel
& Bartos 2005).
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