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A revision of the diversity and distribution of Potamogeton hybrids in the Czech Republic is presented.
Thorough examination of herbarium material and recent extensive field studies revealed the present
and/or past occurrence of eight Potamogeton hybrids in the Czech Republic. In addition to morphologi-
cal characters, stem anatomy and/or molecular analysis were used to identify some of the hybrids. All
the hybrids detected are between broad-leaved species of the genus, suggesting that hybrids between
linear-leaved species may be overlooked because of the overall morphological similarity of taxa within
this group. Four of the hybrids identified, P. xnitens, P. xolivaceus, P. xsparganiifolius and P. xundulatus,
are recorded for the first time from the Czech Republic. Four of the hybrids are now extinct in the Czech
Republic and the extant hybrids are rare. The occurrence of P. xlintonii was not confirmed; the previous
record was based on extreme forms of P. gramineus. The name P. xconcinnitus, proposed for a putative
hybrid combination “P. pusillus x P. crispus”, was lectotypified and reduced to a synonym of P. crispus.
Although the absolute number of finds of specimens of Potamogeton hybrids per decade is increasing,
this is not a result of more frequent hybridization but of an increase in recording activity. Most records
for recent decades are associated with targeted research by a few experts. The typical habitat of
Potamogeton hybrids in the Czech Republic are ponds that were previously drained in summer and
allowed to dry out. Many historical localities disappeared when the traditional fishpond management
was largely abandoned and fish farming become more intensive. In the 19th century in particular some
hybrids were recorded also in rivers but these occurrences generally disappeared after the extensive
channelling of rivers at the beginning of the 20th century. Many hybrids occur at the same localities as
their parents but it is documented that hybrids can persist vegetatively in the absence of the parental spe-
cies, presumably as relics of the previous presence of the parent plants. Although almost all
Potamogeton hybrids are consistently sterile, a cultivation experiment showed that P. xangustifolius set
seeds that were fertile and successfully produced adult plants.

Keywords: Potamogeton, hybridization, taxonomy, revision, distribution, herbarium, morphol-
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Introduction

The Potamogetonaceae is one of the most diverse and taxonomically difficult families of
aquatic plants (Wiegleb & Kaplan 1998, Kaplan 2002a). The main sources of taxonomic
complexity include the reduced morphology, which limit the number of taxonomic charac-
ters that can be used to separate species (Preston & Croft 1997, Kaplan & Stépanek 2003,
Kaplan et al. 2009), an extensive phenotypic plasticity (Kaplan 2002b, Kaplan 2008), parti-
tioning of genetic variation between rather than within populations (Hettiarachchi & Triest
1991, Kaplan & Stépanek 2003) and the occurrence of many different hybrids (e.g. Preston
1995a, Wiegleb & Kaplan 1998, Kaplan & Fehrer 2007, Kaplan et al. 2009).
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Although the great majority of Potamogetonaceae hybrids are consistently sterile (e.g.
Hagstrom 1916, Dandy 1975, Preston 1995a, Wiegleb & Kaplan 1998, Kaplan & Fehrer
2007, Kaplan et al. 2009) many of the hybrid clones survive for long periods as they pos-
sess very efficient mechanisms of vegetative propagation. The perennial structures, such
as rhizomes or turions, enable hybrid colonies to persist at a locality for a considerable
period, even hundreds or thousands of years (Hollingsworth et al. 1996, Preston et al.
1998b, King et al. 2001, Kaplan & Wolff 2004, Kaplan & Fehrer 2007), providing the eco-
logical conditions remain suitable. In addition, some hybrid clones can spread vegeta-
tively and subsequently produce dominant stands or even occupy considerable areas. The
hybrids can be also further dispersed by fragmentation of stems. Whereas in standing
waters the dispersal occurs only locally within the pond or the lake in which they evolved,
in rivers they may be transported downstream quite easily, particularly during spring
floods with rapid water flow (e.g. Kaplan et al. 2002, Kaplan & Wolff 2004). The long-
term survival of hybrid clones sometimes results in them occurring at localities after their
parents have disappeared. The relic occurrence of Potamogetonaceae hybrids in the
absence of one or both parents is documented for many hybrids (e.g. Dandy & Taylor
1946, Hollingsworth et al. 1996, Preston et al. 1998a, b, 1999, King et al. 2001, Kaplan &
Fehrer 2004, 2009, Kaplan & Wolff 2004, Kaplan et al. 2009).

All these factors make Potamogetonaceae hybrids at some sites an important component
of aquatic communities. Wiegleb & Kaplan (1998) point out that more attention should be
given to the study, description and recognition of hybrids because of their ecological impor-
tance. Hybridization is one of the most important sources of taxonomy-relevant diversity.
The neglect or exclusion of hybrids from taxonomic treatments may lead to erroneous deter-
minations of many specimens, and fragments our understanding of variation within the
genus (Wiegleb & Kaplan 1998, Preston 2001, Alix & Scribailo 2006, Kaplan et al. 2009).

Identification of Potamogetonaceae hybrids is often difficult and requires detailed
expert inspection of a large set of key features. For a long time, identification of hybrids
depended on traditional methods that included mainly morphological investigation and
field observations. Starting with Raunkir’s pilot studies (Raunkier 1896, 1903), some
authors also used anatomical features, which helped to resolve some intricate taxonomic
problems and contributed to the detection of hybrids between species with different types
of stem anatomy (e.g. Fischer 1904, 1905, 1907, Hagstrém 1916, Ogden 1943, Symoens
et al. 1979, Wiegleb 1990a, b, Kaplan 2001, 2005a, b, Kaplan & Wolff 2004, Kaplan &
Symoens 2004, 2005, Zalewska-Gatosz et al. 2009, 2010).

Recently research on hybridization in Potamogetonaceae has made considerable prog-
ress and a lot of new facts have accumulated. With the advent of molecular methods over
the last two decades, more convincing evidence became available and many taxonomic
problems were solved. The existence of many hybrids were confirmed using isozyme
electrophoresis (e.g. Hollingsworth et al. 1995, 1996, Preston et al. 1998b, Fant et al.
2001a, b, Iida & Kadono 2002, Kaplan et al. 2002, Fant & Preston 2004, Kaplan & Wolff
2004, Kaplan 2007) or DNA-based analyses (King et al. 2001, Fant et al. 2003, 2005,
Kaplan & Fehrer 2004, 2006, 2009, Ito et al. 2007, Wang et al. 2007, Du et al. 2009,
Kaplan et al. 2009, Zalewska-Galosz et al. 2009). Direct DNA sequencing and RFLPs
have contributed to the discovery and/or exact identification of several entirely new hybrid
combinations (Kaplan et al. 2009, 2010, Zalewska-Gatosz et al. 2010) and even confirmed
the existence of a triple hybrid in Potamogeton (Kaplan & Fehrer 2007).
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On a worldwide scale, Wiegleb & Kaplan (1998) recognized 50 sufficiently docu-
mented hybrids in the Potamogetonaceae, some of which are locally frequent and repre-
sent clearly circumscribed biological entities. These hybrids are reported from various
countries in Europe (e.g. Fischer 1907, Hagstrom 1916, Dandy & Taylor 1957, Dandy
1975, Wiegleb & Herr 1984, Ploeg 1987, 1990, Wolf et al. 1997, Preston et al. 1998,
Kaplan & Zalewska-Gatosz 2004, Kaplan 2005a, Bobrov & Chemeris 2006), North
America (e.g. Ogden 1943, Haynes & Williams 1975, Brayshaw 2000, Alix & Scribailo
2006, Kaplan et al. 2009), Siberia (Kashina 1988, Chepinoga et al. 2008), China (Wiegleb
1990a, Wang et al. 2007, Du et al. 2009) and Japan (Miki 1937, Kadono 1983, Kadono &
Wiegleb 1987, Ito et al. 2007, lida & Kadono 2002). Only recently a Potamogeton hybrid
was identified also in the Southern Hemisphere, in Australia (Kaplan et al. 2010). The
number of identified and now recognized Potamogetonaceae hybrids has increased to 86
(Z. Kaplan, unpubl.).

In spite of this recent progress, the precise knowledge of the diversity and distribution of
Potamogetonaceae hybrids is highly uneven. A modern detailed revision, based on careful
identification of large sets of specimens and listing herbarium vouchers and/or providing
maps of distribution, is available only for three European countries: the British Isles (Preston
1995a), Poland (Zalewska-Gatosz 2002, 2008) and Germany (Wiegleb et al. 2008).

This paper summarizes the results of long-term taxonomic research on hybridization in
Potamogetonaceae in the Czech Republic. Many of the herbarium records presented here
are those accumulated during a revision of the family for the Flora of the Czech Republic
(Kaplan 2010).

Materials and methods

The main source of distribution records came from herbarium collections. All major
Czech institutional herbaria (acronyms according to Holmgren et al. 1990, with updates
according to Thiers 2010) were consulted: BRNM, BRNU, CB, CHOM, FMM, HR, LIM,
LIT, MJ, MMI, MP, NJM, OL, OLM, OMJ, OP, PL, PR, PRA, PRC, ROZ, SOKO and
VM, as well as other central-European herbaria known to host important sets of mainly
historical collections from the Czech Republic: B, BP, BRA, M, SAV, SLO, W and WU.
Some Potamogeton collections of Czech origin were detected in other major European
herbaria including BM, C, CGE, E, FR, G, GOET, K, KRAM, L, LD, LE, LY, OLD, P,
POLL, S, UPS, Z and ZT. A few hybrids were identified in private herbaria, particularly
that of F. Krahulec, Prihonice. In addition, many records came from my field investigation
in 1990-2009. Because of the frequent misidentification of pondweeds, literature records
not supported by a herbarium voucher are generally omitted. Only three such literature
records for P. xangustifolius by S. Hejny were accepted. Potamogeton hybrids are rarely
recorded in the Czech literature and some of them proved to be erroneous when their her-
barium vouchers were located.

Temporal changes in recording hybrids were analysed and calculated per decade for the
period 1810-2010. The assignment of the few undated pre-1860 collections to particular
decades was facilitated by the existence of other dated collections made on the same occa-
sions or using various literature sources (such as Presl & Presl 1819, Berchtold & Presl
1821, Opiz 1822, 1823, 1824, 1826, Berchtold & Fieber 1838, Fieber 1838, and the analysis
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of the contribution of early Bohemian botanists to Potamogeton taxonomy in Kaplan
1997). Duplicate records (records of the same hybrid from the same site and year) were
reduced to single records.

In the following text, records of localities given on herbarium labels are presented in
their more or less original form for rare hybrids and with abridged locality information for
P. xangustifolius and P. Xfluitans. Specifications of the sites or updates of historical topo-
graphic names are occasionally supplemented in square brackets.

In the following account, only the most important diagnostic morphological characters
of hybrids are given. Detailed descriptions of parental species are available elsewhere
(e.g., Preston 1995a, Kaplan 2010). Besides the records collected directly for the Flora of
the Czech Republic, abundant morphological data compiled for previous studies (e.g.,
Wiegleb & Kaplan 1998, Kaplan 2001, 2002b, 2002c, 2005b, 2007, Kaplan & Wolff
2004, Kaplan & Fehrer 2004, 2006, 2007, 2009) and available in modern taxonomic revi-
sions (mainly Preston 1995a) were also included in this study in order to cover the mor-
phological variation of the respective taxa as completely as possible.

A list of papers that provide molecular evidence for the existence of particular hybrids is
given. Many of the cited studies helped to refine the understanding of the morphological varia-
tion of the hybrids. Descriptions of habitats are confined to the occurrences in the Czech
Republic. Only herbarium specimens seen are listed and arranged first according to units of
the phytogeographical division of the Czech Republic (Skalicky 1988) and then according to
grid numbers of the Mapping the Flora of Central Europe scheme (Niklfeld 1971).

Results
Account of hybrids

Potamogeton xangustifolius J. Presl in Bercht. et J. Presl, Rostlinaf 1, fasc. Zabnjkowité:
19, 1821.

Syn.: P. xzizii W. D. J. Koch ex Roth, Enum. P1. Phaen. Germ. 1/1: 531, 1827.
= P. gramineus x P. lucens

Diagnostic characters: Although variable, it is always intermediate between the
parental species, particularly in terms of quantitative characters such as leaf width, stipule
length and fruit size. The main stem leaves tend to be more robust and similar to those of
P. lucens, whereas the leaves on the terminal parts of branches are more slender and remi-
niscent of P. gramineus. Besides their intermediate appearance, the best diagnostic charac-
ter is the length of petioles: all true submerged leaves (uppermost transitional leaves
excluded) of P. gramineus are sessile whereas those of P. lucens with unreduced lamina
are always shortly (2—7 mm long) petiolate, with this length being almost constant along
the stem; in the hybrid there is mostly a combination of these characters with the lower
submerged leaves usually sessile and the uppermost leaves of adult (flowering) plants
markedly petiolate, with petioles up to 27 mm long. It is necessary to become familiar with
the range of variation in both parental species before one can reliably identify their hybrids
because most quantitative characters show some overlap.

Molecular evidence: Identity of plants from the Czech Republic and
Montenegro were confirmed by DNA sequencing (Z. Kaplan & J. Fehrer, unpubl.).
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Habitats: Typically (85% of records) this hybrid occurs in less intensively managed
fishponds, particularly those that are regularly drained in summer. The other habitats
include side pools of lowland rivers and flooded pits (from the time of the construction of
railways) with one record from a mill-race.

Distribution in the Czech Republic: Recorded at 39 localities, mainly in
the Eastern Labe River and South Bohemian basins, only exceptionally found elsewhere

(Fig. 1).

Herbarium specimens seen: 11b. Podébradské Polabi: 5855b: V tinich blize drahy u Kostomlat [nad
Labem] smérem k Nymburku (1879 Poldk, PRC; 1879 Velenovsky, PRC; 18 VII 1880 K. Poldk, PR). —
Kostomlaty: tan pfi pravém okraji silnice k pfevozu pred lesem (3 VII 1947 S. Kaufman, herb. Vlastiv. Muz.
Nymburk). — 13a. RoZdalovicka tabule: 5656¢: Rybnik Vrbi¢kovy u Chudife (1 VIII 1948 S. Kaufman, PR). —
5756a: Okr. Nymburk: rybnik Lutovnik v obofe u Loucené (30 VII 1947 S. Kaufman, PRC; 20 VII 1952
S. Kaufman, BRNM, MP, PR; 20 VII 1952 Sourek et Kaufman, PR; 20 VIII 1952 S. Kaufman, BRNM, PR; 20
VIII 1952 F. Cernoch, PR; 3 VII 1953 F. Cernoch, BRNM, CB; 1953 David, OP). — 5857b: Distr. Kolin, pag.
Dlouhopolsko, pars Na Kopic¢dku: in piscina Kopic¢ak (6 X 1978 V. Skalicky, PRC, p. p.). — 5858a: okr. Nymburk:
Kn&Zi¢ky: rybnik u severniho okraje vychodni &asti Zehuiiské obory 1,3 km JV od J okraje obce, 237 m n. m. (1
VII 2002 J. Rydlo, ROZ; 3 VII 2002 Z. Kaplan no. 02/175, PRA; 15 VI 2004 J. Rydlo, I. Hodalova & M.
Molikové, ROZ). — 15b. Hradecké Polabi: 5662a: Pichrada Rozkos u Ceské Skalice: horni nadr (11 IX 1974 H.
Novakova, MP; 1977 & 1978 F. Krahulec, herb. F. Krahulec). — Pfehrada Rozkos u Ceské Skalice: dolni nadr
(1978 F. Krahulec, herb. F. Krahulec). — 5761b: Smifice: v pfitoku rybnika Lhotaku [= Zavéstak] u silnice vych.
Libfic, 250 m (2 VIII 1941 J. Sourek no. 2121, PR). — 5761c: Néhon u Mal3ovic (VIII 1918 K. Prokes, PRC). —
15¢. Pardubické Polabi: 5858d: Okr. Hradec Kralové: Stit: rybnik Horni FlajSar 0,5 km JZ od obce,
50°06'43,5"N, 15°28'20,6"E, 218 m n. m. (8 VI 2009 Z. Kaplan no. 09/149, PR, PRA). — 5860d/5960b: Ceperka
Teich (s. d. Cen&k, PR). — 5959b: Bohdane: r. Nadymac I. (4 VIII 1941 E. Hada¢, MP). — 5960a: A. Teichen b.
Bohdanetz [= Lazné Bohdanec] (s. d. Tausch, PRC, p. p.); Teich RozkoZ bei Bohdanetsch (s. d. Opiz, C, PR; 1860
Cenék, PR). — 5960b: Okr. Pardubice: Hrobice: severni mélky okraj rybnika Baroch 0,8 km JZ od obce, 224 m n.
m. (31 VIII 1994 Z. Kaplan no. 94/441, PRA). — 5961a: Rybnik Labska u Sezemic (VII 1887 J. Jahn & J. Kosfil,
PR; 1887 J. Jahn, PR; VIII 1888 J. Kostdl, W; VIII 1889 J. Kostal, MP). — 5961b: Holice: pii JV biehu rybnika
Smilek (10 VIIT 1975 F. Cernohous, MP; 14 VIIT 1975 F. Cernohous, MP; 41X 1976 H. Novakova, MP, PRC; 4 IX
1976 S. Husak, PRA). — 18a. Dyjsko-svratecky tval: 7166d: Mihren: in dem FluBarm der Thaya [= Dyje] b.
Prittlach [= Pritluky] (25 VI 1898 Teuber, BRNM). — 7267c: Bieclav: piikopy dle drdhy (1901 J. Podpéra,
BRNU); Tuné u Breclavi (29 V 1921 1. Klastersky, PR; 1921 Viniklaf, PRC). — 36a. Blatensko: 6548d: Kadov:
rybnik Paseka, pii cest¢ do Bezdékova (8 VIII 1946 J. Vanécek). — Distr. Blatna: in piscina Stary Palenec apud
vicum Vrbno (12 IX 1954 V. Skalicky & A. Klaskova, PR; 10 VI 1958 V. Skalicky & A. Ceska, PRC). — 6649a:
V rybniku u Bratronic (1882 Velenovsky, PRC). — 6649d: V malém rybni¢ku nad Milavou u Sedlice (29 VIII 1882
Velenovsky, BM, PR, PRC). — 37f. Strakonické vapence: 6749a: V rybni¢ku u Domanic (25 VII 1882
Velenovsky, PR). — 38. Budéjovicka panev: 6750b: Razice: Razicky rybnik asi 1,5 km severovychodné obce
(Vondrak 1999, Hejny 2000). — 6751d: Distr. Pisek: in piscina Novy u Krc¢e dicta prope Zelendarky non procul
K¢ apud Protivin (VI 1963 S. Hejny, PRA). — 6851b: Distr. Tyn n. VIt.: in aqua piscinae Cekal prope
ChvaleSovice, ca. 420 m s. m. (1947 S. Hejny, PRC). — 6851c: Distr. Vodiiany: in marginibus meridionalibus
piscinae Velky Cernohdj prope Radomilice, ca 400 m s. m. (1947 S. Hejny, PRC). — 6851c: Distr. Vodiiany: in
piscina Maly Cernohaj prope Strpi apud Radomilice (3 VIII 1964 S. Hejny, PRA). — 6851c: Rybnik Horni Pilant
u Cernohjii (obec Cigenice blize Vodiian) (Hejny 2000). — 6851d: Radomilicky rybnik u Radomilic (Hejny
2000). — 39. Trebonska panev: 6954b: Kolence: rybnik Karel I. pod hrazi Zadniho Paseckého rybnika (8 VI 1979
S. Husék, PRA). — Kolence: rybnik Prostiedni Pasecky (11 VII 1984 R. Kurka, CB). — Kolence: rybnik Okiinek
(18 VII 1980 S. Husak, PRA). — 52. Ralsko-bezdézska tabule: 5354c: Okr. Ceska Lipa: Hrad¢any u Mimong:
lesni rybnik Drznik 1,1 km VIV od Hrad&an (5 VIII 1996 S. Husak, PRA; 18 VI 1997 S. Husék, ROZ; 18 IX 1996
Z. Kaplan no. 96/640, PRA; 3 VIII 2003 Z. Kaplan no. 03/164, IBIW, IRKU, KRA, PRA; 24 VI 2006
M. Duchécek no. 5032, PR; 8 VI 2007 V. Grulich no. VG07/638, BRNU, p. p.). — 5453b: Distr. Ceska Lipa:
Michovo jezero Fishpond near Doksy, Zmiji palouk (3 VIII 1996 S. Huséak, PRA); Okr. Ceska Lipa: Staré
Splavy: tinky v zazemnéné ¢asti V zatoky na S okraji Machova jezera 1,5 km VSV od Zelezni¢ni stanice (17 VII
2009 G. Leugnerova, Jan Rydlo & Jar. Rydlo, ROZ; 1 IX 2009 Z. Kaplan, G. Leugnerové & Jar. Rydlo nos 09/389
& 09/390, PRA). — 5454a: Doksy: NPR Biehyiisky rybnik (4 VII 1994 D. Stan¢ik no. 6082, PRC). — 52. Ralsko-
bezdézska tabule or 53a. éeskolipské kotlina: Nimes [= Mimon] (s. d. Lorinser, WU) [most likely collected
from one of the fishponds near Hrad¢any, which are located 3.5 km S of Mimon]. — 63j. Lanskrounska kotlina:
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Fig. 1. — Distribution of P. xangustifolius (circles) and P. Xolivaceus (triangle) in the Czech Republic.
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6065¢: Landskron [= LanSkroun] (1819 Steinmann, PR) [probably collected in OlSovy fishpond, where
P. gramineus was recorded at that time]. — 6065d: Okr. Usti nad Orlici: Lanskroun: Dlouhy rybnik 2,3 km ZSZ od
stfedu obce (29 VII 2008 L. Bure§ & D. Ciprova in herb. Z. Kaplan no. 08/637, PRA; 18 VI 2009 Z. Kaplan no.
09/216, PR, PRA, PRC, ROZ). — 68. Moravské podhuifi Vysoéiny: 6761c: Ptacov: rybnik Zidloch (27 VII 1878
E. Zavtel, PRC, p. p.; 5 VIII 1907 R. Dvorak, BRNM; 7 VIII 1907 R. Dvorak, BRNM). — 6864c: Flusstiimpel bei
Oslavan (VIII 1889 A. Schwoder, LD).

N o tes: This hybrid was first recorded at the beginning of the 19th century, although at
that time its hybrid origin was not recognized. It is one of the very few Potamogetonaceae
hybrids that are capable of producing well developed fruit and the only one that sets fruit
regularly. However, it is unknown whether the seed is viable (Wiegleb & Kaplan 1998).
Plants of this hybrid (presumably F1 generation) from the Drznik fishpond near Hrad¢any
were cultivated (under no. 333) in the Experimental garden at Prihonice. These plants
produced almost a full set of fruit on each spike. The seeds were sown the following sea-
son and most of them germinated (96%). Eight of the seedlings were selected and success-
fully developed into adult plants. The individuals of this F2 generation (cultivated under
no. 899) were morphologically very variable, more so than the maternal clone. Whereas
the F1 plants were rather uniform and clearly intermediate between the parental species,
the F2 plants segregated into several phenotypes, which were intermediate or more similar
to one of the parents, namely P. gramineus. The F2 plants also flowered and produced well
formed fruit. In contrast, of the 113 clones of 32 other hybrid combinations involving
broad-leaved Potamogeton species cultivated in 1995-2009, none produced fruit. This
observation is also supported by the study of herbarium material.

Potamogeton xcooperi (Fryer) Fryer, J. Bot. 35: 311, 1897.

Syn.: P. xcymatodes Aschers. et Graebn., Synops. Mitteleur. F1. 1: 337, 1897, nom. illeg. [ Vienna ICBN Art. 52.1;
McNeill et al. 2006]
= P. crispus x P. perfoliatus

Diagnostic characters: The parental species are quite distinct morphologically
and are only rarely confused with one another. Their hybrid combines the characters of
both parents. In contrast to P. perfoliatus with a terete stem, the stem of the hybrid is com-
pressed and grooved but less markedly than is usual in P. crispus. The leaves are interme-
diate in shape and width (Fig. 2) as well as in the number of longitudinal veins. The leaf
base is semi-amplexicaul in the hybrid, in contrast to the markedly amplexicaul bases in
P. perfoliatus and broadly cuneate to auriculate but never amplexicaul in P. crispus. Speci-
mens collected early in the season are often more P. crispus-like in general appearance and
shape of leaves, whereas adult flowering plants may resemble P. perfoliatus. Flower
spikes of the hybrid are generally shorter than in both parents, the flowers do not open and
have abortive carpels. The entire spikes rot after flowering instead of setting fruit. For
detailed comparison of the diagnostic characters see Kaplan & Fehrer (2004).

Molecular evidence: Identity of plants from the United Kingdom and the
Czech Republic were confirmed by DNA sequencing and RFLP (Kaplan & Fehrer 2004).

Habitats: This hybrid was once found in a river and once in a recently constructed
small and shallow water reservoir.

Distribution in the Czech Republic: Recorded only at two localities,
one in northern Bohemia and the other in southern Moravia (Fig. 3). It has not been re-
collected and is almost certainly an extinct taxon of the Czech flora.
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Fig. 2. — Potamogeton xcooperi from the Plou¢nice River in northern Bohemia (18 VIII 1851 Malinsky, PR).
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Herbarium specimens seen: 18a. Dyjsko-svratecky wival: 7165a: Okr. Bfeclav: Pasohlavky, Mala
laguna 2 km VIV od vsi (21 VI 2002 J. Rydlo, ROZ); Okr. Bfeclav: Pasohlavky: nadrZ Mala laguna na severnim
brehu Horni nadrZe vodniho dila Nové Mlyny 1,4 km VIV od obce (21 VI 2002 J. Rydlo; cult. as Z. Kaplan no.
1420, pressed 9 IX 2002 Z. Kaplan, PRA, ROZ, 2003-2009 Z. Kaplan, PRA). — 45a. Loveckovické stfedohori:
5251a: Zwischen P. crispus & perfoliatus im Bolzenflusse [= Plou¢nice] im n[6rdlichen]. Bohmen (18 VIII 1851
Malinsky, B, BRNU, PR, W) [The collection presumably originates from the lowermost section of the Plou¢nice
River near the town of DéCin, where Malinsky lived].

Notes: Only recently confirmed for the Czech Republic (Kaplan & Fehrer 2004). The
previous records were erroneous. Petrak (1910) reported the occurrence of P. xcymatodes
= P. perfoliatus x P. crispus “im Miihlbache der Becura [sic!, misprint, correctly: Becva]
bei Mihr.-Weisskirchen und zwar zwischen der Tuchwalke und seiner Miindung”. This
record was adopted also by Hejny (1950). The voucher specimens are in BRNU and PR.
All plants have 13—17-veined leaves with amplexicaul bases and are a narrow-leaved form
of P. perfoliatus, not the hybrid.

Potamogeton xfluitans Roth, Tent. Fl. Germ. 1: 72, 1788.

= P. lucens x P. natans

Diagnostic characters: This hybrid is easily distinguished from its parents. The
submerged leaves are clearly intermediate between those of P. lucens, with an oblong to
broadly elliptical lamina on a short petiole, and those of P. natans, which are always
reduced to linear phyllodes. The hybrid is in general appearance and shape of floating
leaves more similar to P. natans but differs from this species in that most of its submerged
leaves have a well developed lamina and the petioles of floating leaves lack a flexible junc-
tion between the petiole and the lamina, which is mostly present in P. natans. The best
characters for separating P. xXfluitans from P. lucens are the shape of the lamina of sub-
merged leaves, longer petioles and the capacity to produce floating leaves. For detailed
comparison of diagnostic characters see Kaplan (2001). Potamogeton Xfluitans is more
difficult to separate from the unrelated species P. nodosus than from its parents. However,
in this species the lowest leaves are never reduced to phyllodes, there is on average
a greater number of veins in lamina of submerged leaves and the petioles are longer. Frag-
mentary material or extreme phenotypes are often difficult to distinguish morphologically,
but stem anatomy provides additional characters that are highly reliable (see Kaplan
2001). For distinguishing P. Xfluitans from other similar P. natans hybrids see Preston
(19954, b), Preston et al. (1998a) and Kaplan & Wolff (2004).

Molecular evidence: Isozyme electrophoresis confirmed identity of plants
from the United Kingdom (Fant et al. 2001) and the Czech Republic (Kaplan et al. 2002).
DNA sequencing was used to check the hybrid origin of plants from the United Kingdom
(Fant et al. 2005) and the Czech Republic (Z. Kaplan & J. Fehrer, unpubl.).

Habitats: Almost all recent collections are from fishponds with one historic record
from a stream.

Distribution in the Czech Republic: Found at 13 localities in northern,
eastern and central Bohemia, with most records from the past 15 years (Fig. 4).
Herbarium specimens seen: 11b. Podébradské Polabi: 5856d: Okr. Nymburk: Libicky luh, nova
mélkd nadrZ na zdevastované louce na pravém brehu Labe mezi dalnici a astim Cidliny (7 IX 1991 J. Rydlo, ROZ;

9 IX 1991 J. Rydlo, ROZ). — 13a. Rozdalovicka tabule: 5656c: Mlada Boleslav: Jabkenice: dolni rybnicek na
kraji lesa 300 m Z od samoty Ovcarny 1,8 km SSV od obce (11 VI 1999 Z. Kaplan; cult. as Z. Kaplan no. 1137,
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pressed 12 VII 2002 Z. Kaplan, PRA). — 5656¢: Okr. Nymburk: Loucei: rybnik Sladovnik v lese Helma 400 m
SSV od hajovny Loucerika, 1,5 km S od obce (1 VII 2002 Z. Kaplan no. 02/140, PRA; 25 VIII 2002 J. Rydlo,
ROZ). — 5756a: Okr. Nymburk: Loucen: obnoveny lesni rybnicek 450 m SZ od hdjovny Loucerika, 1,35 km
S(=SSZ) od kiiZovatky silnic na S okraji obce (11 IX 2004 Z. Kaplan no. 04/319, PRA; 26 VI 2005 Z. Kaplan no.
05/248, PRA). — 5858a: Okr. Nymburk: KnéZi¢ky: Dolni Cihadelsky rybnik v Zehufiské obofe 1,8 km J-JJV od J
okraje obce (3 VII 2002 Z. Kaplan no. 02/182, PRA; 1 VII 2002 J. Rydlo, ROZ). — 35c¢. Pfibramské Podbrdsko:
6250c: Okr. Piibram: Kardavec, rybnik 600 m JJV od vsi (23 VII 2004 J. Rydlo, ROZ). — 41. Stfedni Povltavi:
6151c: Okr. Pibram: Voznice: lesni rybnik Prostfedni TuSimy (= Prostfedni rybnik) 1 km JJV od obce (29 VI 2006
J. Rydlo, ROZ; 9 VII 2006 Z. Kaplan no. 06/235, PRA). — 52. Ralsko-bezdézska tabule: 5353c: Okr. Ceska Lipa:
Zahradky: Novozamecky rybnik (24 VIII 2002 D. Turoriova in herb. Z. Kaplan no. 02/268, PRA). — 5555a: In rivo
Béla prope Reckov versus urbem Béla [= Béla pod Bezdézem] (22 VII 1897 J. Podpéra, BRNU, PR; 28 VII 1897 J.
Podpéra, PR; 1897 J. Vilhelm, PRC). — 55b. St¥edni Pojizefi: 5456d: Cesky raj: Zehrov, rybnicek pod oborou
u ZJZ okraje osady Arnostice, 247 mn. m. (29 VI 1997 J. Rydlo & D. Vackové, ROZ; 29 VII 1997 D. Vackova, HR;
18 IX 1997 Z. Kaplan no. 97/915, PRA; 29 VII 1999 Z. Kaplan no. 99/144, PRA). — 5456d: Cesky raj: Zehrov,
rybnik v obofe 300 m ZJZ od samoty Arnostice (17 V 2007 J. Rydlo & D. Vackova, ROZ). — 61c. Chvojenska
plosina: 5860b: Hradec Kréalové: rybnik Roudnicka (6 VIII 1975 F. Cemohous, MP; 51X 2006 R. Prausova, HR).

Notes: Although P. Xfluitans was recorded as a new taxon for the Czech Republic only
recently (Kaplan 2001), due to targeted field research it is now recorded from nine other
localities. This hybrid is typically found in recently filled fishponds that were previously
drained and the bottom mud exposed and dried out during summer (Kaplan et al. 2002,
Kaplan & Fehrer 2004). However, P. Xfluitans does not persist long in this habitat but soon
disappears as a consequence of intensive fish farming (Kaplan & Fehrer 2004). It is usu-
ally associated with much more abundant stands of its parental species and of other
macrophytes and is therefore not easily found. All this implies that it is likely to be more
frequent but is unrecorded because of its temporary occurrence.

Potamogeton xnitens Weber, Suppl. Fl. Holsat. 5, 1787.

= P. gramineus x P. perfoliatus

Diagnostic characters: This hybrid is generally intermediate between its parents,
showing a combination of parental characters. Many phenotypes are more similar to
P. gramineus, resembling this species in its general appearance and shape of leaves. These
are relatively easy to distinguish from P. perfoliatus as the submerged leaves of the hybrid
are narrower with fewer longitudinal veins, more acute and sometimes with an apiculate
apex, more persistent stipules and some clones produce floating leaves. Unlike P. gramineus,
the hybrid has a more sparingly branched stem, broader submerged leaves with semi-
amplexicaul bases, a more obtuse apex and more numerous longitudinal veins. Both
parental species differ from P. xnitens in their capacity to produce well-formed fruits; in
contrast, the hybrid is sterile. The most important diagnostic characters of all three taxa are
summarized in Kaplan & Fehrer (2006).

Molecular evidence: DNA sequencing and/or RFLP confirmed the hybrid ori-
gin of plants from Sweden (Kaplan & Fehrer 2006), Finland (Z. Kaplan & J. Fehrer,
unpubl.), Germany (Kaplan & Fehrer 2006), Russia (Z. Kaplan & J. Fehrer, unpubl.) and
the U. S. A. (Kaplan et al. 2009).

Habitats: The only Czech record is for a pond.

Distribution in the Czech Republic: Recorded only in the vicinity of
Lazné Bohdanec in eastern Bohemia (Fig. 4). All available collections almost certainly
originate from the same site, which was the former fishpond Rozkos, drained and dried-
out in the 1860s.
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Herbarium specimens seen: 15¢c. Pardubické Polabi: 5960a: Rozko$ bei Bohdane¢ [= Lazné
Bohdanec: zanikly rybnik Rozkos 0,5 km V mésta] (s. d. Opiz, PRC, ut P. heterophyllus); In piscinis, fossis (s. d.
Opiz, PRC, ut P. heterophyllus); Bohdane¢ (1818 Opiz, PR, ut P. Zizii 3 elongatus); Bohdannez (1818 Opiz, PR,
ut P. Zizii B elongatus, p. p., P. Xangustifolius admixt.); Bohdanetsch (s. d. [possibly in 1860] Cenék, BRNM,
PRO).

N o tes: This hybrid is recorded here from the Czech Republic for the first time.

Potamogeton xolivaceus Baagoe ex G. Fisch., Ber. Bayer. Bot. Ges. 11: 33, 1907.

= P. alpinus x P. crispus

Diagnostic characters: This hybrid is similar to P. alpinus in general appearance,
shape and colour of leaves but can be distinguished by its compressed stem (usually appar-
ent only on fresh plants), leaves with fewer longitudinal veins (5—7) and often by the stem
being branched rather than unbranched as in P. alpinus (Fig. 5). The lateral veins in the
leaves are often slightly shifted towards margins, with the outermost pair being faint and
running close along the margins (character inherited from P. crispus) rather than of more
or less identical strength and evenly distributed as in P. alpinus.

Molecular evidence: No fresh material for molecular analyses was available.

Habitats: The collector of the only herbarium specimen from the Czech Republic
indicated that the habitat was a pool. Most probably it was a side pool of the Ohie River.
Both parental species are recorded from the river in this area.

Distribution in the Czech Republic: Recorded only once in the vicinity
of Cheb in western Bohemia (Fig. 1). It is now extinct.

Herbarium specimen seen: 24a. Chebska panev: 5939b: V tini u Kreuzensteinu [= osada Podhofi]
bliz Chebu (22 VII 1887 L. Celakovsky fil., PR, ut P. rufescens).

Notes: Potamogeton xolivaceus is recorded here for the first time from the Czech
Republic. Although this hybrid is not particularly difficult to identify it is recorded only
for Great Britain (Dandy 1975, Preston 1995a), Denmark (Hagstrom 1916), Germany
(Wiegleb et al. 2008), Poland (Zalewska-Gatosz 2002, 2008) and European Russia
(Bobrov & Chemeris 2009). In none of these countries is it widespread, in Poland it is
known only from two localities and in each of the Czech Republic and Russia only from
a single site. Its rarity indicates that it is produced only exceptionally.

Potamogeton xschreberi G. Fisch., Mitt. Bayer. Bot. Ges. 1/37: 471, 1905.

= P. natans x P. nodosus

Diagnostic characters: This hybrid combines some characteristic features of
both parental species. The specimens with well preserved submerged leaves show some
characters of P. natans, such as the presence of phyllodes near the base of the stem. How-
ever, upper submerged leaves have a slightly expanded linear-elliptical lamina distally,
which have up to 9 lateral veins and the base tapers very gradually into the petiole. Float-
ing leaves resemble those of P. nodosus but on some plants petiole adjacent to the lamina
may be slightly browner, which is a vestige of the flexible discoloured junction present in
P. natans. Well developed adult plants sometimes produce transitional leaves, which are
intermediate in shape and size between submerged phyllodes and floating laminar leaves.
The hybrid is easiest to identify in late spring and early summer when the submerged
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Fig. 5.— Potamogeton xolivaceus from the vicinity of Cheb in western Bohemia (22 VII 1887 L. Celakovsky fil., PR).
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leaves are still extant and summer floating leaves are present. Such plants reveal most fea-
tures showing the composite (‘“hybrid”) pattern of their morphology. As the season
advances, the typical phyllodes and phyllode-like submerged leaves of P. xschreberi
decay and disappear. Thus, one of the key diagnostic features of the hybrid is lost and at
this stage the hybrid plants can be easily misidentified as P. nodosus. The most important
diagnostic characters are summarized in Kaplan & Wolff (2004), for photographs of
P. xschreberi at different ontogenetic stages see Kaplan & Wolff (2004) and Kaplan &
Fehrer (2009). As the stem anatomy differs markedly between the species it is a very effi-
cient means of distinguishing this hybrid from extreme forms of the parental species
(Kaplan & Wolff 2004). Because of the overall similarity of P. xschreberi to its parents
and other P. natans hybrids, it is advisable to have molecular proof of the identity of ques-
tionable plants (Kaplan & Fehrer 2009).

Molecular evidence: Isozyme electrophoresis confirmed identity of plants
from the United Kingdom (Hollingsworth et al. 1995), France and Germany (Kaplan &
Wolff 2004). DNA sequencing and/or RFLP provided identification of plants from the
Czech Republic (Kaplan & Fehrer 2009) and the U. S. A. (Z. Kaplan & J. Fehrer, unpubl.).

Habitats: Discovered in an upper section of a meandering stream in a relatively
well-preserved and unpolluted landscape.

Distribution in the Czech Republic: Recorded only along a 550 m long
stretch of the stream Stropnice in southern Bohemia (Fig. 4).

Herbarium specimens seen: 39. Teboiiska panev: 7154a: Okr. Ceské Bud&jovice: Trebet: ficka
Stropnice 0,9 km VSV od obce, 48°52'39"N, 14°41'32"E, 450 m n. m. (3 IX 2006 Z. Kaplan no. 06/417, PRA; 29

V12007 Z. Kaplan no. 07/214, PRA; 14 VI 2008 Z. Kaplan & J. Zalewska-Gatosz no. 08/395, PRA; 8 VIII 2008
A. Vydrovd & V. Hans no. VG08/1213-1223, BRNU).

N o tes: A rare hybrid, often occurring in running water in the absence of the parental spe-
cies (Hollingsworth et al. 1995, Kaplan & Wolff 2004, Kaplan & Fehrer 2007). It was only
recently detected as a new taxon for the Czech Republic (Kaplan & Fehrer 2007).

Potamogeton xsparganiifolius Laest. ex Fr., Novit. Fl. Suec. Mant. 1: 9, 1832.

= P. gramineus x P. natans

Diagnostic characters: Particularly conspicuous are the phenotypes of this
hybrid from fast running water, which have long and ribbon-like submerged leaves, dis-
similar to that of any other Potamogeton taxon. These plants can be recognized as a sepa-
rate entity like one would recognize a distinct species. The plants from standing water are
more difficult to identify as they often resemble one of their parental species. The hybrid is
intermediate particularly in its submerged leaves, which are strongly reminiscent of the
phyllodes of P. natans but expand into a narrow lamina. It also differs from P. natans in
often having a markedly branched stem and floating leaves without a flexible junction
between the petiole and the lamina (sometimes only obscure traces of a discoloured sec-
tion are visible). In contrast to the submerged leaves of P. gramineus they are longer and
narrower in the hybrid (Fig. 6), with only 1-5 longitudinal veins. Like many other hybrids
of P. natans (Kaplan & Wolff 2004) and those of similar and related North American
P. oakesianus (Kaplan et al. 2009), P. xsparganiifolius also sometimes produces transi-
tional leaves that are intermediate between submerged and floating leaves in their shape,
size, structure and petiolation.
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Molecular evidence: The Czech plants cited below were confirmed as this
hybrid by DNA sequencing (Z. Kaplan & J. Fehrer, unpubl.).

Habitats: Large colonies discovered in two adjacent shallow ponds not currently
used for intensive fish breeding. A third locality was a shallow pool in wetland at the edge
of a fishpond.

Distribution in the Czech Republic: Three localities are know, two of
them close to each other in eastern Bohemia, the third in southern Bohemia (Fig. 3).
Herbarium specimens seen: 15c. Pardubické Polabi: 5858d: Okr. Hradec Kralové: Stit: rybnik Dolni
Flajsar 0,6 km ZJZ od obce, 50°06'50,6"N, 15°28'02,5"E, 216 m n. m. (23 V 2009 Z. Kaplan no. 09/56, PRA,
PRC:; 23 V 2009 Z. Kaplan, Jan Rydlo & Jar. Rydlo, ROZ). — Okr. Hradec Kralové: Stit: rybnik Horni Flajsar 0,5
km JZ od obce, 50°06'43,5"N, 15°2820,6"E, 218 m n. m. (8 VI 2009 Z. Kaplan no. 09/148, PR, PRA). — 38.

Budéjovicka panev: 6951b: Bohemia, okr. Ceské Budgjovice, Div¢ice: Zbudovska vytopa, tuika V od trati (26
VI 1994 A. Vydrova no. VG94/008, BRNU, ut P. cf. gramineus).

N o tes: This hybrid is recorded here for the first time for the Czech Republic.

Potamogeton xundulatus Wolfg. in Schult. et Schult. fil., Mant. 3: 360, 1827.

= P. crispus x P. praelongus

Diagnostic characters: This hybrid resembles P. praelongus in general appear-
ance, particularly the small-leaved forms of this species. However, it differs in having
a compressed stem with shallow grooves along the broader sides (which can usually be
observed only on fresh plants), leaves with fewer longitudinal veins (5-9) and sometimes
also by the terminal parts of the stem being characteristically richly branched (Fig. 7).

Molecular evidence: Identity of plants from Denmark was confirmed by DNA
sequencing (Z. Kaplan & J. Fehrer, unpubl.).

Habitats: Recorded from the middle section of a small river with rich macrophyte
vegetation.

Distributioninthe Czech Republic: Collected at the end of the 19th cen-
tury at a single site or small area in northern Bohemia (Fig. 3). Never re-collected and now
extinct in the Czech Republic.

Herbarium specimens seen: 53a. éeskolipské Kkotlina: 5354c: Flumen Plou¢nice (1879 R. Faustus,
W); Mimori (VIII 1887 R. Faustus, BRA, p. p.); Mimoi: v Plou¢nici (IX 1887 R. Faustus, PR); Flumen Plou¢nice

apud Mimof (IX 1887 R. Faustus, PR); Mimoii (VII 1898 J. Zidlicky, ROZ); U Habsteina [= Jestiebi] (1887
Attkesz [?], PR).

N o tes: About a dozen collections originating from the vicinity of Mimoii and identified
as P. praelongus were found in herbaria. However, some of these specimens show charac-
ters inherited from P. crispus in addition to the features typical of P. praelongus (see diag-
nostic characters above). These plants are morphologically consistent with the collections
of P. xundulatus from Lithuania, Denmark, Poland and other countries. In addition, the
collection preserved in BRA is a mixture that contains one shoot of each P. praelongus and
P. xundulatus mounted together on a single sheet. This indicates that both of them grew
together in the Plouc¢nice River where they were repeatedly collected but not distin-
guished. The other parental species, P. crispus, is also recorded from this river.

Attkesz did not indicate the exact origin of his collection, as he wrote just
“u Habsteina”, i. e. “near Jestiebi”. This specimen was possibly not collected close to
Jestfebi but more likely from the Plou¢nice River 5-6 km NE of Jestfebi, halfway to
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Fig. 6. — Potamogeton xsparganiifolius from one of two localities in the Labe River Basin in eastern Bohemia (23
V 2009 Z. Kaplan no. 09/56, PRA).
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Mimon, where all other Czech specimens of P. xundulatus were collected. Attkesz’s spec-
imen is dated 1887, as is one of Faustus’ specimens. The identical origin of these collec-
tions is also supported by the fact that these plants are very similar in many ways: the same
morphotype, similar size and shape of leaves and stipules, the same colour of leaves and
stem, etc. These facts indicate that these collections were probably collected simulta-
neously during a joint field trip by both botanists.

Excluded records

Bennett (1908) described P. xconcinnitus as a putative new hybrid combination “P. pusillus
x P. crispus” based on material from the Czech Republic. A duplicate annotated by
Bennett is preserved in the Kew herbarium. The authentic sheet bears two small underde-
veloped shoots of the phenotype of P. crispus with narrow and plane leaves (called
P. serrulatus or P. crispus var. serrulatus in the past, see Kaplan 1997), which contrasts
with the characteristically undulate leaves in the common form. The proposed taxon is
therefore excluded from the list of hybrids and the name P. concinnitus is reduced to the
synonymy of P. crispus.

Potamogeton concinnitus A. Benn., J. Bot. 46: 162, 1908.

(= Potamogeton crispus)
Type: [original label written by Bennett:] “Bec¢va bei Lasky, Moravia, 7/6/[18]82, leg. J. Bubela, ex herb. Poldk”,
[later annotation by Bennett:] “x P. concinnitus Ar. Benn. ... , crispus X pusillus 7 (lectotype designated here: K).

The record of P. xlintonii (= P. crispus x P. lintonii) in the Rozko§ Reservoir in eastern
Bohemia (Nevecetal & Krahulec 1994) was erroneous. The voucher specimens were of
submerged forms of P. gramineus with extremely narrow and spirally twisted leaves that
superficially resemble the hybrid (Kaplan 2002b, 2010).

Dostal (1989) lists in his Flora many other hybrid combinations based on names pro-
posed in the European literature but in no way is this an overview of hybrids reported or
confirmed for the Czech Republic (see also Kaplan 2001).

Discussion
Changes in frequency of Potamogeton hybrids in time

More than 8600 herbarium specimens of Potamogeton collected from the Czech Republic
were investigated and 84 of them (i.e. 0.97%) proved to be hybrids. These hybrids origi-
nated from 59 localities. Considering the fact that hybrids recognized in the field by
experts and experienced field botanists attract more attention and thus are much more
likely to be collected for herbaria than common species, such as P. natans or P. crispus, the
actual proportion of plants that are hybrids in the field is likely to be considerably lower.

The earliest herbarium specimens of Potamogeton hybrids were collected in 1810s. These
included a plant that became a nomenclatural type of P. xangustifolius (see Kaplan 1997).
Three of the eight hybrids detected in the Czech Republic (P. xnitens, P. Xolivaceus and
P. xundulatus) are known only from historical collections, the fourth (P. xcooperi) was last
observed in the field in 2002. The extinction of these hybrid clones is associated with the gen-
eral decline in the diversity of macrophyte vegetation in the Czech Republic. Potamogeton
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xundulatus disappeared together with one of its parents, P. praelongus, which currently occurs
at only two localities (Kaplan 2010). Similarly, the parental species of P. xnitens, namely
P. gramineus and P. perfoliatus, became extremely rare and currently there is no site in the
Czech Republic hosting both these species that could potentially produce the hybrid. The rar-
ity of P. Xcooperi, P. xschreberi and P. xsparganiifolius are also associated with the rarity of
one of their parental species (P. perfoliatus, P. nodosus and P. gramineus, respectively).

In contrast, P. Xfluitans was recorded as a new taxon for the Czech Republic only
recently (Kaplan 2001) and since than found at a further nine localities. The total number
of finds of specimens of Potamogeton hybrids is also increasing (Fig. 8). This provokes
one to ask does this increase indicate a more frequent hybridization of the parental species.
It should be noted that the absolute numbers of records are not corrected for the temporal
changes in floristic activity. If records of all Potamogetonaceae herbarium collections
from the same region (Z. Kaplan, unpubl.) are plotted on same time scale, similar relative
values and trends are revealed (Fig. 9). Identical peaks (in 1880s, 1940s, 1970s and the last
two decades), which are associated with the recording activity of a few experts or excep-
tionally active field botanists, occur on both graphs. Although the absolute number of col-
lections of hybrids has markedly increased during the last decades, their relative percent-
age, when compared to all Potamogetonaceae collected, remains more or less constant
(mean = 0.98%, standard deviation = 0.55; data prior to 1830s not considered due to the
very low number). This clearly shows that the most variable parameter is the recording
activity. The high numbers collected over the last few decades is associated with the
increase in research activity on the diversity of macrophytes and not the result of more fre-
quent hybridization of parental species. Similar fluctuations associated with differences in
research activity and political changes rather than with the actual occurrence of plants in
the field are identified for several other groups of plants (e.g. Bures et al. 2008, Danihelka
et al. 2009, J. Danihelka, unpubl., Z. Kaplan, unpubl.).

Relation between habitats and the occurrence of hybrids

The same hybrid combinations sometimes occupy very different habitats in different
regions. In many countries, Potamogeton hybrids occur mainly in natural lakes or in low-
land rivers. This is particularly true for previously glaciated landscapes (Kaplan 2007,
Kaplan et al. 2009). The few natural lakes in the Czech Republic are confined to the Sumava
Mts. These lakes are oligotrophic and host macrophyte vegetation very poor in species,
which does not include any Potamogeton taxa. Six hybrids were recorded in Czech rivers
and their side pools (P. xolivaceus, P. xschreberi, P. xundulatus, P. Xcooperi, and exception-
ally also P. xangustifolius and P. Xfluitans), mostly in the 19th century. However, almost all
disappeared as a result of rivers in the lowlands being extensively channelled, mainly in the
late 19th and 20th centuries, which dramatically affected the distribution and diversity of
river vegetation. The only exception is a clone of P. xschreberi, which survived in one
stream situated in a relatively well-preserved and unpolluted landscape (Kaplan & Fehrer
2009). As natural lakes and lowland rivers are not really suitable for Potamogeton hybrids in
the Czech Republic, most of the records for the 20th century came from fishponds.

Ponds were even more frequent in the territory of the Czech Republic in 15th—18th cen-
turies (Andreska 1997, Citek et al. 1998). At that time fishponds were not managed as
intensively as today. As shown previously (Kaplan 2001, Kaplan et al. 2002, Kaplan &
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Fig. 8. — Numbers of herbarium specimens of Potamogeton hybrids collected in each decade. The four most
apparent peaks (in 1880s, 1940s, 1970s and last two decades) are associated with the activity of a few experts or
exceptionally active field botanists who collected aquatic plants.
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Fig. 9. — Numbers of herbarium specimens of all Potamogetonaceae collected in each decade, which reflect the
increase in floristic activity. The same general trend and identical peaks occur also in Fig. 8, which indicates that
the number of hybrids as a proportion of all the Potamogetonaceae collected remains more or less constant.
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Fehrer 2004), the occurrence of Potamogeton hybrids in Central European fishponds is
supported by the exposure and drying out of the bottom of the ponds that occurs when they
are occasionally drained. Fishponds that have not been drained for many years become
eutrophic, with cloudy water and bottoms covered with thick organic-rich sediment
(sapropel), which is often toxic because of anaerobic conditions. Such conditions inhibit
germination of seeds. In contrast, the sediment in the fishponds that are drained at intervals
is oxidized and mineralized when it is exposed and dries out. After the fishpond is filled
again, a high concentration of nutrients is released from the sediment while the water is
clear. Sufficient nutrients, weak competition and clear water provide ideal conditions for
the germination of seeds, including hybrid seed (Kaplan & Fehrer 2004, Kaplan et al.
2009). This is supported by the recent discoveries of P. xfluitans: 8-9 of 10 finds were
from fishponds that were drained in summer (and some also de-silted) in previous years.
Unfortunately, the traditional cycle of fishpond management, which included regular sum-
mer draining, is now rare (Sumberova et al. 2006). This indicates that the frequency of
Potamogeton hybrids might have been markedly higher when fishponds were managed
traditionally than it is today. This change may account for the strong decline in
P. xangustifolius, which may have been relatively common in the past, as the proportion of
historical vs. recent collections suggests.

Co-occurrence of parental species and hybrids

It is not possible to assess the exact incidence of co-occurrence of hybrids with their par-
ents because for many records the presence of the parental species at the locality is
unknown. However, recent field investigations have provided many records and some can
also be deduced from historical collections.

All recently discovered plants of P. Xfluitans came from ponds where both parental species
occurred. This is associated with the occurrence of this hybrid in occasionally summer drained
fishponds and repeated hybridization events. The South-Moravian locality of P. xcooperi also
hosted both parental species (Kaplan & Fehrer 2004). This is also true for the North-Bohemian
historical site: Malinsky noted “zwischen P. crispus & perfoliatus™ on the herbarium label of
the P. xcooperi he collected. Similarly, the collections of P. xsparganiifolius and P. xundulatus
came from sites where both parental species were present. Potamogeton xolivaceus was found
in a side pool of a river, with both parental species present in the main channel of the river at
that time. In contrast, the clone of P. xschreberi growing in a South-Bohemian stream in the
absence of the parental species is likely to be a relic, which has persisted vegetatively after its
parents disappeared (Kaplan & Fehrer 2009).

The situation is more complicated in P. xangustifolius. Both occurrences with one or
both parental species and without them are recorded for Czech fishponds. As this hybrid is
fertile and produces viable seed, it can potentially spread to other sites and establish new
populations. When growing on its own at a locality then its origin (whether a local relic or
hybrid seed from elsewhere) may remain unclear because detailed knowledge of the previ-
ous composition of the macrophyte vegetation is rarely available.

Diversity of Potamogeton hybrids and limitations of morphological identification

The Potamogeton hybrids detected include eight different parental combinations. In this
respect, the Czech Republic occupies middle position among European countries in the
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diversity of Potamogeton hybrids. This corresponds to previous observations on the gen-
eral pattern of the occurrence of Potamogetonaceae hybrids in Europe: both hybrid diver-
sity and the number of localities with hybrids increases with latitude (Kaplan 2007,
Kaplan & Fehrer 2007). The Czech Republic, positioned in the centre of Europe, is prede-
termined to occupy an intermediate position between Mediterranean countries with only
a few records and northern regions with the highest diversity of about 25-30 hybrids.

The reliability of morphological identifications of Potamogetonaceae hybrids varies
greatly between hybrid combinations. These range from easily recognizable hybrids to
those that cannot be identified morphologically with certainty (Kaplan et al. 2009). Previ-
ous studies demonstrate that due to extensive phenotypic plasticity, some hybrids can imi-
tate species and remain unrecognized (Kaplan 2002b, Kaplan & Wolff 2004, Kaplan et al.
2009). Other hybrids can be identified morphologically only when specific key structures
are carefully examined (Preston 1995a, Preston et al. 1999, Kaplan 2008, Kaplan et al.
2009) or if the particular plant is fully developed and shows diagnostic features of the spe-
cies involved in the hybridization (Kaplan & Wolff 2004, Kaplan & Fehrer 2007).

All the hybrids identified for the Czech Republic so far are those between the broad-
leaved species of the genus. The majority of them are between species that can be reliably
identified morphologically, although in some cases the identification process requires sub-
stantial experience. It is highly likely that several other hybrids occur in the Czech Repub-
lic and remain to be identified. Four of the eight identified hybrids (P. Xnitens,
P. xolivaceus, P. xschreberi and P. xundulatus) were recorded at only one locality. The
rarity of some hybrid combinations may therefore be another reason why their existence
escaped attention. The hybrids between linear-leaved species are particularly likely to be
overlooked because of the morphological similarity of the parental species and low num-
ber of distinguishing features. Large-scale molecular screening, particularly of plants
from localities with high species diversity and ecological conditions favouring hybridiza-
tion, is therefore needed in future studies.
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Souhrn

Préce prinasi vysledky studia vyskytu k¥iZencti rdesti (rod Potamogeton) v Ceské republice. Podrobn4 revize
vSech dostupnych herbarovych dokladi (vice nez 8600) a cileny terénni vyzkum odhalily souc¢asny nebo historic-
ky vyskyt celkem osmi hybridd. K jejich identifikaci byly kromé morfologickych znakd pouZity i anatomické
znaky ve stavbé lodyhy a analyzy isozyml a DNA. VSechny zji§téni kiiZenci patii do skupiny Sirokolistych druhu.
Podobna mira hybridizace je pfedpokladana také u tizkolistych rdestd, jejich kiiZence je vSak velmi obtiZné odha-
lit kviili malé morfologické diferenciaci mezi taxony této skupiny. Cty¥i k¥iZenci (P. xnitens, P. xolivaceus,
P. xsparganiifolius a P. xundulatus) jsou zde uvedeni jako nové taxony pro kvétenu Ceské republiky. Ctyfi z osmi
zji§ténych kiiZench jsou jiZ vyhynuli, zbyvajici &tyfi jsou velmi vzacni. Udaj o vyskytu vzacného hybrida
P. xlintonii byl zaloZen na extrémnim morfotypu druhu P. gramineus s neobycejné tzkymi a kratkymi ponofenymi
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listy. Podobné rostlina popsané z Ceské republiky pod jménem P. concinnitus neni kiizenec, jak se domnival jeho
pavodni autor, ale pouze mlady exemplaf druhu P. crispus s Gzkymi a plochymi listy. PrestozZe se celkovy pocet
zjisténych vyskytl kiiZencu v pribéhu Casu zvysuje, nelze tento narust interpretovat jako dasledek vétsi frekven-
ce hybridizace v pfirodé. Korekce dat ukazala, Ze podil kiiZzencu na celkovém poctu zaznamenanych vyskyti
vSech druhu Celedi Potamogetonaceae zustava vice méné stejny. Nejvice nalezl pochazi z poslednich dvou dese-
tileti, coz je vSak projevem cileného vyzkumu nékolika specialisti a vyjime¢né aktivnich florista. NejCastéjsim
biotopem kiiZencti rdestii v Ceské republice jsou druhové bohaté, ekologicky vyvaZzené, alespoii obas letnéné
rybniky bez netimérné vysoké rybi obsadky a bez nadmérného prihnojovani. Naprosté vétSina historickych lokalit
cenné vodni vegetace s vyskytem kiiZenct zanikla v disledku upusténi od tradi¢niho pravidelného letnéni a in-

tenzifikace hospodareni na rybnicich. ZvI4sté v 19. stoleti byli néktefi kiiZenci nalézani také v fekach. Tyto vy-
skyty v8ak vymizely po masivnich regulacich fek na zacatku 20. stoleti. KiiZenci jsou obvykle nalézani na lokali-
tach spolu se svymi rodic¢i. Obcas jsou v§ak schopni na lokalité preZivat i poté, co rodi¢ovské druhy vymizely. Na-

prosta vétsina kiiZencu je sterilni; kultivaéni experimenty vsak prokazaly, Ze P. xangustifolius je plodny, vytvari
klic¢iva semena, kterd davaji vznik Zivotaschopnym rostlindm, jeZ jsou rovnéz fertilni.
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