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Flowering in the population of Lythrum salicaria in the Yavorivskiy district of Lviv
region lasts for about 70 days from the end of June till the beginning of September.
Flowering period of the long-styled individuals lasts 30 days, middle-styled individuals —
32 days, and short-styled individuals — 26 days. In the studied population, the ratio of
flowering plants of different morphs changes in time: flowering long-styled individuals
prevail at the beginning of the population flowering, middle-styled individuals — at the
time of mass flowering and short-styled individuals — at the end of flowering period. The
percentage of dominant flowering morph in each phase of the population flowering can
reach about 70 %. The prevalence of the middle-styled morph during mass flowering
and the longest flowering period seem to be the features responsible for maximal seed
production of this morph and for the highest chance to be cross- and self-pollinated.
Short flowering period of the short-styled morph and its prevalence at the end of the
flowering in population could be regarded as the features enhancing autogamy and also
is responsible for the lowest seed production. The differentiated flowering dynamics of
the morphs is considered to be the mode which optimizes the legitimate pollination of
each morph in the defined phases of the flowering period.

Keywords: purple loosestrife, trimorphism, flowering, morph ratio, pollination,
xenogamy, autogamy.

INTRODUCTION

Lythrum salicaria L. — is a classical object for the study of tristyly, being firstly pre-
cisely investigated by Charles Darwin [8]. The features of this tristylous species revealed
by Ch. Darwin [8] are: a) equal proportion of long-styled (LS), middle-styled (MS) and
short-styled (SS) individuals in the population; b) anther, pollen and stigma trimorphism;
c¢) high value of seed and capsule production under the legitimate pollination and low
seed and capsule production under the illegitimate pollination. Some of these features
were confirmed and more accurately studied lately [1, 2, 15, 20]. Nevertheless, some
recent researches did not mention any differences between three morphs in the flower
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and inflorescence structure [6], the flowering time [16], sporoderm development [19].
Obviously the authors had no intention to find these differences because the object was
considered to be thoroughly studied.

We consider the phenomenon of tristyly (and heterostyly in general) as a kind of
flower and sexual polymorphism [3], because three hermaphrodite morphs reveal vari-
ous sexual patterns (play male or female roles) in various kinds of breeding. The other
kind of sexual polymorphism is the dioecy (presence of two kinds of individuals — male
and female), the more investigated phenomenon for which some phenological, physio-
logical and biological differences between sexual types were noted [3, 18].

The trimorphism in Lythrum salicaria is genetically determined [1, 5] and has a comp-
lex expression on flower morphology. We supposed that it may be revealed not only in
the morphological traits but also in the flowering behavior as a kind of the mechanisms
optimizing the legitimate pollination between the morphs.

The aim of this study was to find out the differences between morphs in a) time of
the flowering period of the morph, b) duration of the individuals flowering, c) reveal the
dynamics of the flowering period.

MATERIALS AND METHODS

The studied population of Lythrum salicaria was located in the Yavoriv district of
the Lviv region, north-western locality of Stradtch village, near the turn of highway
Lviv-Novoyavorivsk to the Gorodok town. The population is located in the wetland of
Vereschytsia river and adjacent ponds. It contains about 100-200 generative individu-
als depending on a year, but in some years it can be significantly damaged by roasting
or mowing. Observations were conducted in June-September 2008-2010 according
to the recommendations of Ponomarev [17], Golubev and Volokitin [12—14]. For each
morph, the flowering period in general and that of the defined model individuals were
studied as well as the dynamics of the number of flowering individuals.

RESULTS

The flowering period in the studied population of Lythrum salicaria lasts about 2,5
months from the end of June till the beginning of September, mass flowering occurs at
the second-third decades in July (Tab. 1). The flowering period of a flower for all morphs
lasts about a day, but the receptivity period of a stigma is referred to be somewhat longer
in SS-morph [20]. The SS-morph is characterized by the shortest period of the individual
flowering, while the longest flowering period is revealed for MS-morph (Tab. 2).

According to the classification of Golubev and Volokitin [14], Lythrum salicaria is

a long-flowered species by the flowering duration in population, middle-flowered by
the duration of individual’s flowering and one-day flowered by the duration of a flower
flowering (anthesis).

The whole period of the flowering in the population can be divided into three phases
after prevalence of one of three morphs. At the beginning of the flowering period (first
phase) the LS-morph was prevalent in three years of observation. At the middle of the
flowering period the MS-morph prevailed (mass flowering, the second phase). At the
end of flowering period the SS-morph prevailed (third phase) (Tab. 1). For the studied
population of Lythrum salicaria in general, one can conclude that LS-morph is early-
flowering, SS-morph is late-flowering.
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Table 1. Number of flowering long-styled (LS), middle-styled (MSd) and short-styled
(SS) plants of Lythrum salicaria L. during the flowering perio*

Tabnuys 1. KinbKicTb KBiTy4MX 0CO6UH Tpbox Mopd Lythrum salicaria L. npotarom nepiogy

UBITIHHA*
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1 16 5 6 27 - - - - - - - -
2 21 15 11 47 90 68 53 211 69 57 40 166
3 21 32 14 67 81 72 59 212 63 66 49 178
4 27 25 32 84 78 83 56 217 45 77 46 168
5 - - - - 65 87 60 212 23 52 54 129
6 10 6 17 &3 45 43 89 177 18 40 63 121
7 - - - - 21 27 93 141 10 15 67 92

Comment: * Maximal number of the flowering LS-, MS- and SS-individuals for a ten-day period is marked in
bold, maximal individuals number of a morph and population in total is underlined.

Mpumitka: * MakcumanbHa KinbKicTb KBiTYy4ux gosroctoBnuukosux (LC), cepeaHbocToBnumkoBmx (MS) i ko-
POTKOCTOBMYMKOBYX (SS) 0COBUH Ha KOXHY AeKkay BUAINEHa XUPHUM LIPUATOM; MakcumarbHa
KINbKiCTb KBITY4MX OCOBUH ANt KOXXHOI Mopdhu i monynsuii B Linomy nigkpecnexa.

Table. 2. Flowering period of the model individuals of Lythrum salicaria L.

Tabnuys 2. TpuBanicTb UBITIHHA MoAenbHUX ocobuH Lythrum salicaria L.

LS-morph MS-morph SS-morph

30.3+1.6 32.2+1.5 26.9+1.5
WAL VIS () = 0, (ki) Cv = 16.5% Cv = 14.9% Cv = 18.0%
Range of variation (min—max) 25-38 25-38 21-33

It was revealed that the ratio of the flowering individuals of LS-, MS- and SS-morphs
often is not corresponding to the known ratio 1:1:1. However one morph at each flowe-
ring phase is dominant and reaches up to 70 % from the number of flowering individu-
als in population. It is most remarkable at the 1, 3 and 6 decades in 2008 and last two
decades in 2009 and 2010 (Fig. 1). The part of LS-morph in flowering stage during the
flowering period gradually decreased, the part of the SS-morph increased and the part
of the MS-morph had a maximum at the middle phase of the flowering period.

DISCUSSION

According to the classical viewpoint on the pollination biology, one can make some
assumptions about the reproductive system of Lythrum salicaria. Firstly, SS-morph has
the lowest chance to be cross-pollinated because its stigma is hidden in the floral tube
and situated beneath both stamens whorls. Secondly, LS-morph has the longest style
and can be easily cross-pollinated by the mechanism of approach hercogamy. Conse-
quently, the MS morph has high chances to be cross- and self-pollinated.
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It was mentioned [11] that pollen grains of Lythrum salicaria are loaded on the in-
sect body dissassortatively. This fact oblidges to think that reciprocal hercogamy (diffe-
rent length of stamens and styles in each morph) is not the only enhancing mechanism
of cross-pollination. The revealed flowering dynamics may provide more effective as-
sortative pollination for all the morphs in each phase of the flowering. According to the
dynamic concept of flower ecology [12—14], morph’s differentiation may be evident not
only in the flower morphology (distant disposition of anthers and stigmas) but also in the
changes of the functional role of a morph as male (pollen donor) or female (pollen ac-
ceptor) elements for other morphs. For example, at the first phase of the flowering, the
LS-morph reaches 40-60 % of the total number of flowering individuals and ratio of the
morphs LS:MS:SS can reach 2:1:1. It means that one LS-individual (having the longest
style) as a pollen acceptor obtains one MS- or SS-individual as a pollen donor (with the
longest stamens). At the same phase, the MS- or SS- individual as pollen acceptor has
three individuals as pollen donors — two LS- and one SS- or MS- correspondingly (all
having the middle or short stamens) (Fig. 2, A).

At the second phase of the flowering, the MS-morph (having the middle style) rea-
ches maximal number prevalence (LS:MS:SS as 1:2:1). It means that one MS-individu-
al as a pollen acceptor has one LS- or SS-individual as a pollen donor (with the middle-
height stamens). The LS- or SS-individual as a pollen acceptor has three individuals as
pollen donors (two MS- and one SS- or LS-individual correspondingly) (Fig. 2, B).

Finally, at the third phase of the flowering, the SS-morph (having the short style)
has the same prevalence (LS:MS:SS as 1:1:2) and each SS-individual as a pollen ac-
ceptor has one MS- or LS-individual as a pollen donor (with the shortest stamens). At
the same time, the MS- or LS-individual as a pollen acceptor has three individuals as
pollen donors (two SS- and one LS- or MS- correspondingly) (Fig. 2, C).

It means that three morphs of Lythrum salicaria differ not only by morphological traits
of the flower but also phenologically, by their behavior at the pollination. At the first phase
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of the flowering the LS-morph plays mostly a male function for MS- and SS-morphs,
at the second phase this role plays MS-morph and at the third phase — the SS-morph.
Conversely, the effective female function for LS-morph occurs at the second and third
phases of the flowering in population, for MS-morph — at the first and third phases and
for the SS-morph — at the first and second phases. This assumption may be correct if we
adopt that effectiveness of geitonogamy is equal for all the morphs at the all flowering
phases (simultaneously a great number of flowers are open in LS-, MS- and SS-plants).

A First phase B Second phase

e ————

~—~-

MS
C Third phase

Fig. 2. Schematic presentation of legitimate pollen
transfer between the long-styled (LS), mid-
dle-styled (MS) and short-styled (SS) plants
of Lythrum salicaria L. during 1, 2 and 3 flo-
wering phase. See further explanation in the
text

Puc. 2. Cxemn nNeEriTMMHOTO MNEPEHECEHHS MUIIKY
MiX goBroctoBnymkoBumn (LS), cepegHbo-
ctoBnymkoBumn (MS) i KOPOTKOCTOBMYMKO-
BUMK (SS) ocobuHamu Lythrum salicaria L.

LS MS SS sS npoTsrom 1, 2i 3 dasm uBiTIHHS. [OACHEHHS!

B TeKCTi

The revealed differences of the morphs flowering provide some cautions on calcu-
lation of the morph ratio in the population. This calculation should be realized at the third
phase of the flowering or just after the flowering period when all generative individuals
reveal their morph identity, but not at the first or second phases of the flowering when
the morph ratio will be declined from the proportion 1:1:1.

After Darwin [8], the MS-morph has the highest seed production after cross- and
self-pollination, especially in the case of xenogenous pollination with pollen from long
stamens [7]. This fact is explained by the less self-incompatibility (SIC) effect in this
morph [20]. Our data show that the highest productivity of the MS-morph is maintained
not only by the less developed SIC effect but also by the longest flowering period of
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the individual and the prevalence at the second phase of the flowering when the mass
flowering occurs. The least productivity and the shortest flowering period of the individu-
als of SS-morph confirm its high chances to be eliminated from the populations as was
noted for both Europe and North America [1, 6, 10, 11].

CONCLUSIONS

In the population of Lythrum salicaria in Lviv region (Ukraine), the number of flowe-
ring plants of LS-, MS- and SS-morphs changes in time, the LS-morph prevails at the
beginning of the flowering period, the MS-morph prevails during mass flowering and
the SS-morph — at the end of the flowering period in population. It should be retained
that part of the LS-plants becomes lower, part of the SS-plants higher while the part of
the MS-plants is maximal at the period of mass flowering. The prevalence of the MS-
morph during mass flowering and the highest flowering period of the individual provide
the highest chance to be cross- and self-pollinated and the maximal seed production of
this morph. The differentiated flowering dynamics of the morphs is considered to be the
mode enhancing the probability of the legitimate pollination of each morph in the defined
phase of the flowering period. Our results confirm the assumption that the LS-morph is
most adapted to the cross-pollination, SS-morph — to the self-pollination and the MS-
morph has the advantages by the adaptation for both pollination modes.
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AONHAMIKA LBITIHHA TPUMOP®HOIO BUAOY
LYTHRUM SALICARIA L. (LYTHRACEAE)
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LsiTiHHA y nonynsuii Lythrum salicaria y 1BopiBCbKkOMY parioHi J1bBiBCbKOT 06nacTi
TpuBae 6GrnM3bKO cemMn aekag 3 KiHus YepBHSA 40 no4yaTky BepecHs. [lepiog UBITIHHA
AOBroCcToBMYMKOBOI 0cobuHu B cepegHbomy 30 aib, cepeqHb0CTOBNYMKOBOT OCOOUHU —
32 pobu, KOPOTKOCTOBNYMKOBOT OCOBUHU — 26 Ai6. Y gocnigxeHin nonynsuii Lythrum
salicaria cniBBiAHOLIEHHS KiNbKOCTI KBITY4YMX OCOBUH Pi3HNX MOPX 3MIHIOETLCH B Yaci:
AOBroCcTOBMYMKOBa Mopdha nepeBaxkae Ha noyaTtky LUBITIHHS, cepeqHbOCTOBNYMKOBaA —
y nepiog MacoBOro LBITiHHSA, @ KOPOTKOCTOBMYMKOBA — HaMPUKIHLI LBITIHHA nonynsuii.
KinbKicTb KBIiTY4MX OCOBMH nepeBakatoyoi MOPMU Y KOXHi 3 TpbOX da3 UBITIHHA Mo-
nynsuii moxe caratn 70 % Big KiNbKOCTi reHepaTuBHMX 0CObWH. [NepeBaxaHHs cepen-
HbOCTOBMYMKOBOI MOPMU Nif YaCc MacoBOro UBITIHHA y nmonynsauii Ta HamBuwa Tpusa-
NiCTb UBITIHHA 0COBMHM 3yMOBMIOKOTHL HAMBULLYY HACIHHEBY MPOAYKTUBHICTb L€l MOpdu
B pe3ynbTaTi NepexpecHoro 3anuneHHs i camosanuneHHs. KopoTka TpuBanicTb UBITiIHHSA
OCOBMH KOPOTKOCTOBMYMKOBOT MOPMU i NepeBaXaHHS i HAaNPUKIHLI UBITIHHS y nonynsuii
Y3roXyeTbCsl 3 il HanbinbLL IMOBIPHOK aBTOrami€ld Ta HaVMEHLLOK HacCiHHEBO NPOo-
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OYKTUBHICTI0. [IndpepeHuiauis guHamikn UBIiTiIHHSA PisHNX MOpd po3rnsaaeTbes SK 3acio
NiABULLIEHHS IMOBIPHOCTI NEFTUMHOIO 3annieHHs KOXXHOT MOpn Y NeBHin asi LBITiHHS
y nonynsui.

Knroyoei cnoea: nnakyH BepOonucTuiA, TpUMopiaM, LBITIHHA, CMiBBiAHOLUEHHS
MOp, 3annneHHs, KceHoramisi, aBToramisi.
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LiBeteHne nonynauun Lythrum salicaria B fiBopoBckOM parioHe JIbBOBCkown obna-
CTW ANWTCS OKOMO CeMW AeKaf C KOHLA MIOHSI Mo Hayano ceHTAbps. lNMeprog LBeTeHus
AnnHHocTonbuaTton ocobu B cpegHem 30 CyTok, cpeaHecTonbyarton ocobu — 32 cyTku,
KopoTkocTonbyarton ocobu — 26 cyTtok. B uccnegosaHHon nonynsaumm Lythrum salicaria
COOTHOLLEHME KOMNMMYECTBa LBETYLLUX 0COOEN pasHbIX MOPM M3MEHSIETCS BO BPEMEHM:
ANvHHocTonBYaTad mopda npeobriagaer B Havane LBETeHWs, cpegHecTtonbyartas —
B Mepvog MacCOBOTO LIBETEHMS], @ KOPOTKOCToMNb4aTas — B KOHLE LIBETEHWUS NOMyNALMN.
Yucno ugeTtylimx ocobeli npeobnagatollert Mopdbl B KaXOon M3 Tpex das LBETEHUsI
nonynsuum coctaenset Ao 70 % oT obLiero 4Mcna Bcex reHepaTuBHbIX ocoben. [Npe-
obnagaHve cpegHectonbyaton Mopdbl B NMEPUOA MacCOBOrO LIBETEHUS MOMymsLMM
1 HanbonbLUas NPOAOIMKMUTENBHOCTbL LIBETEHUSI 0cObM 0BycrnaBnmBatoT HanbornbLLyto ce-
MEHHYI0 NMPOAYKTUBHOCTb 3TON MOpP(bI B pe3yrnbraTe Kak NepeKkpecTHOro, Tak n camo-
onbineHns. Kopotkasi TpogomKnTENbHOCTL LIBETEHUST 0COOM KOpoTKoCcToNnb4YaTon Mopdebl
1 npeobrnagaHne ee B KOHUE LIBETEHUS MONyNsUMM COOTBETCTBYHOT ee Hanbonee Bepo-
STHOW aBTOraMmn 1 HauMeHbLLEN CEMEHHON NpoayKTUBHOCTU. dnddepeHumnaumnsa anHa-
MWKM LIBETEHWSI pa3HbIX MOPJ paccmaTpyBaeTcs Kak cnocob MoBbILLEHWS BEPOSITHOCTH
NErMTMMHOIO OMbINIEHMS KaXKOO0W N3 HAX B ONpeaeneHHon dhase LBETEHNST NONYNsLuK.

Knrodeenie crioea: ﬂ,ep6eHHVIK NBOSUCTHbIMN, TpVIMOpCbI/I3M, uBeTeHne, COOTHO-
LeHune MOpCb, onblfieHne, KceHorammd, aBToraMmumd.
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