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JBONIOUHA HHBASHBHOCTH Y JHOTEP

Pox Oenothera L. (subsect. Oenothera, Onagraceae) ABjIsieTcsi O4eHb ya06-
HBIM MOZEIbHBIM O0BEKTOM ISl U3YUEHUS HBOJIIONUYA WHBA3UBHOCTH 3aHOCHBIX BU-
JIOB B IPUPOJHBbIE MECTOOOUTAHUA. DTO CBA3AHO C TeHETHIECKIM MEeXaHHU3MOM pas-
MHOKEHUs, KOTOPBIM MPHCYI 9HOTepaM (MeXaHU3M HePMAHeHTHOH reTepo3uroTHON
TPAHCJIOKAIINN ), KOTOPBIM CIOCOOCTBYET TOMY, UTO B pe3yJbTaTe ruOpUAN3aIuN IBYX
BHJIOB MOKET 00pa30BbIBATHCA KOHCTAHTHBIN TpeTuil. B pesysprare aHaIm3a OpUIy-
HAJIBHBIX U JIMTEPATYPHBIX JAHHBIX O PACIPOCTPAHEHUN THOPUIHBIX U MAPEHTAIb-
HBbIX BUJOB U WX WHBABMBHOCTH B PABJIMYHBIX YacTsAX EBpOIbI GhUIN yCTAHOBJIEHBI
HEKOTOPbIE 0COOEHHOCTH MUKDPOAIBOJIIOIN MHBA3UBHOCTH V BUAOB. ['pynma «oyeHb
MHBA3UBHBIX» THOPHUIHBIX BUZOB Yallle BCETO MPOMCXOANIIA OT POAUTENeN U3 IPyI-
bl «QYEHb MHBA3ZUBHBIX» HAPEHTAJIbHBIX BUZOB. M3ydeHre IPOUCXOKIEHUA TAPEH-
TAJLHBIX BUZOB CBUZETEIILCTBYET O TOM, YTO HanboJiee MHBa3UBHBIE THOPUABI 00pa-
30BAJIUCh B PEBYJIBTATE THOPHANBAINN MEKIY CEBEPOAMEPHUKAHCKUMHU U €BPOIEi-
CKUMU BHAAaMU. YacToTa BCTPEYaeMOCTH MAPEHTAIIBHBIX BUIOB TAKMKE KAK U T€HETH-
geckue 0co0eHHOCTH OIM3KUX MOPQOIOrTIecKy BUOB TAKXKE SABJIAIOTCA 3HAYUMBI-
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Invasive species are of great interest to evolutionary biologists and ecologists because
they represent historical examples of dramatic evolutionary and ecological change [1]. The genus
Oenothera L. (subsect. Oenothera, Onagraceae) is one of the most widespread genera of Ameri-
can origin in Europe. Oenothera species are successful invaders of disturbed riverbanks, ruderal
places, parks, roads, sandy dunes, natural reserves and sea coasts in Europe [2, 3]. In result of
their intercontinental spread many species and forms have been originated in Europe that has
resulted in a number of taxonomic problems in the genus (Table 1). The species possess a special
breeding system in Evening Primroses (permanent heterozygous translocation (PTH) mecha-
nism) which promotes the hybridization (also introgressive one) among several species resulting
in the formation of a stable (constant) third taxon [4, 5]. 14 chromosomes of oenotheras from
the subsection can merge by different way and form rings during meiosis (so called Renner's
rings). And many combinations of these rings can be formed in hybrid plants. Therefore, this
genus is a good object for research of microevolutionary changes and adaptation of plants and
evolution of their invasiveness.

Material and methods

Hybridization among species may serve as a stimulus for the evolution of invasiveness
and leads to critical evolutionary changes that create an opportunity for increased invasiveness
[1]. The analysis of hybrid species distribution in Europe shows existence of groups with differ-
ent degree of invasiveness (Table 2). The hybrid Evening primroses were analyzed by the follow-
ing criteria which can related to evolution of their invasiveness: 1) time of origin of hybrid,
2) degree of invasiveness of the parental species, 3) geographical origin of parental species,
4) frequency of occurrence of parental species, 5) their invasiveness, 6) genetic factors (hetero-
sis; possibility of hybridization between: cultivated and natural species, ring formed and biva-
lent species), 7) environmental factors (climatic and ecological), 8) biological peculiarities (life
history traits and morphology) of newly created species, 9) presence of accompanying organisms
on hybrids (EICA hypothesis). Some of the mentioned traits are analyzed in the Table 2.

Results and discussion
The time of origin is not determined factors in plant invasiveness of Evening primroses.
It is perhaps connected with the fact that majority of species have been originated practically
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simultaneously in time. Therefore, considering this criterion there are no sufficient differences
on in the plant group.

The degree of invasiveness of the parental species is influential but not good understood
trait impacting to invasiveness of hybrids. Our analysis shows that in the group of “very inva-
sive” hybrid species there are also “very invasive” parental species (table 2). One of the basic
species for such hybrids often is Oe. biennis. And there is only one exception from the rule with
Oe. punctulata which are not invasive at the moment and their parental species belong to “very
invasive” species group. However it also can be connected with the lack of reliable data on dis-
tribution of the species in Europe.

The analysis of the parental species origins testifies that the most invasive hybrids are
created from crossing among North American and European species. In result of hybridization
the heterosis effect can arise among isolated lines promoting viability of newly created species.

The frequency of the parental species is of important value for the invasiveness of hybrid
species because the hybridization probability between parental species is increased with fre-
guency of their presence at the same habitat.

Sometimes the resulting hybrids are morphologically similar to the parental species and,
at the same time, are very different by genetic nature. The invasiveness of all these species is
also distinguished from one another. In this case evolution of invasiveness depends on genetic
nature of the species most of all.

Table 1
Oenothera species in Europe based on literary data
Oenot_hera Origin Remarks
species
1 2 3
acutifolia Europe, Oe. silesiaca x rubricaulis Crossing between European species
affinis South America
albipercurva Europe, Oe. biennis x ammophila Crossing between European and North Ameri-
can species
ammophila N America
angustissima N. America = Oe. rubricuspis, introduced before 1900, spe-
cies escaped from gardens
biennis s.str. Europe (Rostanski), N.America (Ra-
ven et al.)
braunii hybrid origin crossing between European and N. American
species
britannica Oe. glazioviana x cambrica (R., crossing between N. American species
2003)
cambrica N. America = Oe. nova-scotiae
canovirens North America = Qe. renneri, introduced in 20th century, after
Il World War
chicaginensis = Qe. pycnocarpa
coronifera Perhaps Oe. parviflora x glaziovi- crossing between N. American species
ana (R., 2003)
cruciata N. America = QOe. atrovirens, introduced before 1900, spe-
cies escaped from gardens
deflexa North America, Europe = Qe. lipsiensis, introduced in 20thcentury, after
Il World War
depressa North America = Oe. salicifolia, introduced before 1900, spe-
cies escaped from gardens
drawertii Oe. depressa x suaveolens crossing between European and N. American
species
ersteinensis N. America = Oe. perangusta
erythrosepala N. America =Qe. glazioviana
fallax glazioviana x biennis crossing between European and N. American
species
flaemingina Europe related with Oe. rubricaulis
flava ? ?
glazioviana North America = QOe. erythrosepala, introduced before 1900,

species escaped from gardens
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1
hoelscheri

indecora
issleri

italica
jamesii

jueterbogensis

laciniata
longifora

missouriensis

moravica
nuda

oakesiana
oehlkersii
paradoxa
parvifora
perangusta
perennis
Oe.polgari

punctulata

purpurans

pycnocarpa

rigirubata
rosea
royfraseri

rubricalix
rubricaulis

salicifolia
silesiaca
stricta
stuchii

suaveolens

subterminalis

syrticola
tacikii
tetragona
tetraptera
turoviensis

victorini

wienii

2
rubricaulis x depressa

South America
biennis x oakesiana
?

N. America

Europe (Germany)

N. America
?

N. America

Europe, fallax x victorini
N. America

North America

Europe, glazioviana x suaveolens

Perhaps Oe. depressa x subtermi-

nalis (R., 2003)
North America

N. America (Rost., 2003)
N. America ?

Oe. suaveolens x depressa (R.,

2003)
Oe. biennis x pycnocarpa

Oe. glazioviana x depressa (R,

2003)

North America

South America
N. America

N. America

East European species (Rostanski,

2003)

South America

Perhaps Oe. jamesii x suaveolens

(R., 2003)

South Europe (Rostanski, 2003)
North America

N. America

Oe. suaveolens x rubricaulis

North America

Oe. rubricaulis x depressa

The end of the table 1

3
crossing between European and N. American

species

crossing between European and N. American
species
?

introduced before 1900, species escaped from
gardens
hybrid origin, recently noted in Poland

?

= Oe. nutans, introduced in 20thcentury, after Il
World War

= Oe. syrticola, introduced before 1900, species
escaped from gardens

crossing between European and N. American
species

crossing between N. American species

introduced before 1900, species escaped from
gardens
= QOe. ersteinensis

crossing between N. American species

crossing between European and N. American
species

=0Oe. hungarica, crossing between European
and N. American species

crossing between European species

=0e. chicaginensis, introduced in 20th century,
after 11 World War

pink flowers, different sect.

= Qe. turoviensis, introduced in 20thcentury, af-
ter Il World War

Recently originated

= Oe. depressa
= Oe. subterminalis

crossing between N. American species

= Oe. silesiaca
= Oe. chicaginensis
Crossing between European species

= Oe. royfraseri, introduced in 20th century, af-
ter Il World War

=0Oe. nissensis, = Oe. rostanskii Jehlik, intro-
duced in 20thcentury, after 1l World War
crossing between European and N. American
species



Invasive-
ness

Very
invasive

Middle-
invasive

Non-
invasive,
Locally
distrib-
uted

Name of hybrid

x Oe

X Oe

X Oe.

X Oe.

X Oe.

X Oe.
X Oe.

X Oe.

X Oe.

X Oe.

X Oe

x Oe

.fallax

. issleri

hoelscheri
oehlkersii
acutifolia

paradoxa
drawertii

punctulata
wienii
coronifera
. moravica

.jeter-

bogensis

Analysis of European Oenothera species

Parental species

Oe. biennis s.str.
x Oe. glazioviana
Oe. biennis s.str.
x Oe. oakesiana

Oe. rubricaulis
x Oe. depressa
Oe. suaveolens
x Oe. glazioviana
Oe. rubricaulis
3)( Oe. silesiaca

Oe.depressa

x Oe. suaveolens
Oe. biennis s.str.
x Oe. pychocarpa
Oe. rubricaulis

x Oe. depressa
Oe. glazioviana

x Oe. parviflora
Oe.fallax

x Oe. victorini
)

Frequency of

Frequency
occurrence of f h
hybrids related otoccur
to parental spe- rence of hy-
. brids
cies

Often
>
< Often
>

Often

Not often
<
< Not often
<
? Not often
< Rare
<
< Not often
<
< Rare
<
< Rare
<
< Not often
?
? Very rare

on different invasiveness groups

Origin
of paren-
tal spe-
cies

Europe
?

Europe

Europe
NA
Europe
NA
Europe
Europe
?

NA
Europe
Europe
NA
Europe
NA
NA
NA
Europe
?

?

Invasiveness of parental species
and their distribution

Very invasive (E)

Sometimes invasive (WE, CE)
Very invasive (E)
Non-invasive or rare-invasive
(WE, CE)

Invasive (CE, EE)

Invasive (CE, EE)

Middle invasive (WE, CE, EE)
Middle invasive (WE, CE)
Invasive (CE, EE)

’I)nvasive (WE, CE)

Non-invasive (WE, CE)
Middle-invasive (WE, CE, EE)
Very invasive (E)

Very invasive (WE, CE)
Invasive (CE, EE)

Invasive (CE, EE)

Middle invasive (WE, CE)
Non-invasive (WE, CE, EE)
Very invasive (WE, CE)
Dlon—invasive (CE, FE)

WE -West Europe, CE - Central Europe, EE - East Europe, FE - Far East, E - everywhere, NA - North America.

Table 2

Predominant distribution
of hybrid

WE, CE

Mostly WE and less in CE

CE, EE
WE, CE, EE
CE

CE
WE, CE

WE, CE
CE, EE
CE
CE

CE

N1OONOT39  A9HhAYH

6002 (Q9)TT N &3



ToxTtapb B.K., Buttur P. 39Bonoumsa MHBa3MIOHHOCTU Y 3HOTEP 21

Oe. glazioviana also has presumable hybrid nature. And there are a lot of hybrid species with
undetermined status and unclear range of distribution and putative parental species. These spe-
cies are very difficult to recognize them reliably without experience. Many of them are recently
originated and locally distributed, mostly from places where they were described.

Beside those hybrid species, which were noted in the table 2 K. Rostanski reported also
33 hybrid species locally distributed in Europe. Sometimes such species are known only from
one locality: Oe. braunii Doell, Oe. brevispicata Hudziok, Oe. canovertex Hudziok, Oe. clavifera
Hudziok, Oe. coloratissima Hudziok, Oe. compacta Hudziok, Oe. conferta Renner, Oe. editicau-
lis Hudziok, Oe. flaemingina Hudziok, Oe. inconspecta Hudziok, Oe. indivisa Hudziok, Oe.
macrosperma Hudziok, Oe. mediomarchica Hudziok, Oe. obscurifolia Hudziok, Oe. octolineata
Hudziok, Oe. pseudocernua Hudziok, Oe. rigirubata Renner ex Gutte et Rostanski (all are dis-
tributed in Germany), Oe. adriatica Soldano, Oe. fallacoides Soldano et Rostanski, Oe.
marinella Soldano, Oe. pedemontana Soldano, Oe. pellegrinii Soldano, Oe. sesitensis Soldano,
Oe. stuchii Soldano (all are distributed in Italy), Oe. pseudochicaginensis Rostanski, Oe. tacikii
Rostanski, Oe. wratislaveinsis Rostanski (all are distributed in Poland), Oe. polgari Rostanski,
Oe. purpurans Borbas (Hungary), Oe. carinthiaca Rosanski, Oe. heiniana Teyber (Austria), Oe.
slovaca Jehlik et Rostanski (Slovakia), Oe. britannica Rostanski (Great Britain). That is why
there are many perspectives to provide new insights studying invasiveness in this, very suitable
for these goals, plant group in future.

Conclusions

The analysis of hybrid species distribution in Europe shows existence of groups with dif-
ferent degree of invasiveness. The degree of invasiveness of the parental species is influential
but not good understood trait impacting to invasiveness of hybrids. Our analysis shows that in
the group of “very invasive” hybrid species there are also “very invasive” parental species. The
analysis of the parental species origins testifies that the most invasive hybrids are created from
crossing among North American and European species. In result of hybridization the heterosis
effect can arise among isolated lines promoting viability of newly created species. The frequency
of the parental species is of important value for the invasiveness of hybrid species because the
hybridization probability between parental species is increased with frequency of their presence
at the same habitat. Sometimes the resulting hybrids are morphologically similar to the parental
species and, at the same time, are very different by genetic nature. The invasiveness of all these
species is also distinguished from one another. In this case evolution of invasiveness depends on
genetic nature of the species most of all.
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EVOLUTION OF INVASIVENESS IN OENOTHERA

The genus Oenothera L. (subsect. Oenothera, Onagraceae) is very conven-
ient modelling object for evolution studying of inadventive invasiveness species in
natural habitats. It is connected with the genetic mechanism of reproduction, which
is inherent oenotheras (the mechanism of a permanent heterozygotic translocation)
which promotes that as a result of hybridization of two kinds the third can be formed
constant. As a result of the analysis of original and literary data about distribution of
hybrid and parental species and their invasiveness in various parts of Europe some
features of microevolution invasiveness at species have been established. The group
«very invasiveness » hybrid species more often occurred from parents from group
«very invasiveness» parental species. Origin studying parental species testifies that
most invasiveness hybrids were formed as a result of hybridization between North
American and European species. Frequency of occurrence of parental species as well
as genetic features of species close by morphology is also the significant characteris-
tics influencing on degree of species invasiveness.

Key words: Oenothera, evolution, invasiveness, hybrids.
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