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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*

Таблиця 1.	Кількість квітучих особин трьох морф Lythrum salicaria L. протягом періоду 
цвітіння*
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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 33 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. 

Примітка:	 * Максимальна кількість квітучих довгостовпчикових (LC), середньостовпчикових (MS) і ко-
роткостовпчикових (SS) особин на кожну декаду виділена жирним шрифтом; максимальна 
кількість квітучих особин для кожної морфи і популяції в цілому підкреслена.

Table. 2.	 Flowering period of the model individuals of Lythrum salicaria L.
Таблиця 2.	Тривалість цвітіння модельних особин Lythrum salicaria L.

Character
Flowering period of the individual, days

LS-morph MS-morph SS-morph

Mean value (n = 10, p≥0.95) 30.3±1.6
Сv = 16.5%

32.2±1.5
Сv = 14.9%

26.9±1.5
Сv = 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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Fig. 1.	 Ratio of long-styled (LS), middle-styled (MS) and 
short-styled (SS) plants at the flowering stage 
in process of the flowering period in Lythrum 
salicaria L.

Рис. 1.	Співвідношення кількості квітучих довгостовп-
чикових (LS), середньостовпчикових (MS) і 
короткостовпчикових (SS) особин Lythrum sali
caria L. протягом періоду цвітіння

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. 
Conversеly, 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).  

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

Рис. 2.	Схеми легітимного перенесення пилку 
між довгостовпчиковими (LS), середньо-
стовпчиковими (MS) і короткостовпчико-
вими (SS) особинами Lythrum salicaria L. 
протягом 1, 2 і 3 фази цвітіння. Пояснення 
в тексті

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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Цвітіння у популяції Lythrum salicaria у Яворівському районі Львівської області 
триває близько семи декад з кінця червня до початку вересня. Період цвітіння 
довгостовпчикової особини в середньому 30 діб, середньостовпчикової особини – 
32 доби, короткостовпчикової особини – 26 діб. У дослідженій популяції Lythrum 
salicaria співвідношення кількості квітучих особин різних морф змінюється в часі: 
довгостовпчикова морфа переважає на початку цвітіння, середньостовпчикова – 
у період масового цвітіння, а короткостовпчикова – наприкінці цвітіння популяції. 
Кількість квітучих особин переважаючої морфи у кожній з трьох фаз цвітіння по-
пуляції може сягати 70 % від кількості генеративних особин. Переважання серед-
ньостовпчикової морфи під час масового цвітіння у популяції та найвища трива-
лість цвітіння особини зумовлюють найвищу насіннєву продуктивність цієї морфи 
в результаті перехресного запилення і самозапилення. Коротка тривалість цвітіння 
особин короткостовпчикової морфи і переважання її наприкінці цвітіння у популяції 
узгоджується з її найбільш імовірною автогамією та найменшою насіннєвою про-
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дуктивністю. Диференціація динаміки цвітіння різних морф розглядається як засіб 
підвищення імовірності легітимного запилення кожної морфи у певній фазі цвітіння 
у популяції. 

Ключові слова:	 плакун верболистий, триморфізм, цвітіння, співвідношення 
морф, запилення, ксеногамія, автогамія.
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Цветение популяции Lythrum salicaria в Яворовском районе Львовской обла-
сти длится около семи декад с конца июня по начало сентября. Период цветения 
длинностолбчатой особи в среднем 30 суток, среднестолбчатой особи – 32 сутки, 
короткостолбчатой особи – 26 суток. В исследованной популяции Lythrum salicaria 
соотношение количества цветущих особей разных морф изменяется во времени: 
длинностолбчатая морфа преобладает в начале цветения, среднестолбчатая –  
в период массового цветения, а короткостолбчатая – в конце цветения популяции. 
Число цветущих особей преобладающей морфы в каждой из трех фаз цветения 
популяции составляет до 70 % от общего числа всех генеративных особей. Пре-
обладание среднестолбчатой морфы в период массового цветения популяции  
и наибольшая продолжительность цветения особи обуславливают наибольшую се-
менную продуктивность этой морфы в результате как перекрестного, так и само
опыления. Короткая продолжительность цветения особи короткостолбчатой морфы 
и преобладание ее в конце цветения популяции соответствуют ее наиболее веро-
ятной автогамии и наименьшей семенной продуктивности. Дифференциация дина-
мики цветения разных морф рассматривается как способ повышения вероятности 
легитимного опыления каждой из них в определенной фазе цветения популяции. 

Ключевые слова:	 дербенник иволистный, триморфизм, цветение, соотно-
шение морф, опыление, ксеногамия, автогамия. 
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