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A b s t r a c t

The present investigations were carried out in the years 
2010–2012 in Kraków-Opatkowice (Southern Poland). The ob-
servations were conducted in patches of abandoned Molinietum 
caeruleae meadows with different dominant species. Patch LM 
was dominated by low meadow species, forming small pro-
cumbent shoots and delicate belowground organs; patch TM 
was occupied by tall-growing taxa creating large tussocks or 
robust rhizomes; patch SH was overgrown by shrubs and trees 
with wide spreading roots. In all patches, the number of ramet 
clusters of Dianthus superbus was low and constant during the 
whole study period. All populations showed signs of advanced 
senility due to the absence of individuals in pre-reproductive 
stages and the occurrence of generative ramet clusters only. The 
total number of aboveground units per ramet cluster declined, 
while the leaf length, height of vegetative and generative stems 
as well as the size of inflorescences and flowers increased from 
patch LM to patch TM to patch SH. The presented results pro-
vide valuable data concerning the state of ramet clusters studied 
and their prospects for survival in inhabited sites. 

Key words: Dianthus superbus L., abundance, cluster of ra-
mets, endangered species, meadow community, 
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INTRODUCTION
Large pink Dianthus superbus L. (Caryophyl-

laceae) is a loosely tufted perennial, clonal forb with
a strong primary root and an ascending or creeping rhizo-
me. The vegetative stems are topped with oblong leaves, 
while generative shoots bear a solitary flower or several 
flowers grouped in inflorescences. Typical inflorescen-
ces have one primary flower, secondary flowers on each 
side of the central axis, and tertiary flowers on each side 
of the lateral axis. The flowers are composed of five free, 
deeply cut fringed petals forming a functional tube enc-
losed by the tubular calyx. The flowers, producing large 

amounts of nectar and scent [1], are pollinated exclusi-
vely by migratory crepuscular and nocturnal hawkmo-
ths [2]. The aforementioned is listed as a species of the 
Euro-Siberian subelement, widely but patchily distribu-
ted in western, central and eastern Europe as well as in 
northern Asia [3]. The populations of Large pink occur 
in moor-grass meadows, peatlands and edges of forests 
[4]. Dianthus superbus is a threatened species in entire 
Europe. It is considered as critically endangered (CR) 
in the Czech Republic [5,6], endangered (EN) in Latvia 
and Lithuania [7], vulnerable (VU) in Sweden [7] and 
Poland [8], near threatened (NT) in Hungary [9], and 
rare (R) in Denmark [7]. In Poland it is locally red-listed 
as endangered (EN) in South Podlasie Lowland [10] and 
Gdańsk Pomerania [11] as well as vulnerable (VU) in 
Opole province [12] and the Carpathians [13]. Taking 
into account the advanced processes of extinction of nu-
merous populations and the scarcity of data on variation 
in the features of populations, it should be pointed out 
that further demographic investigations are still strongly 
needed. Such observations provide very valuable data 
about the state of the population and its prospects for su-
rvival at occupied sites as well as they might be the basis 
for successful conservation programs. Considering the 
present state of knowledge, investigations were con-
ducted on the abundance and structure of populations 
of Dianthus superbus inhabiting patches of Molinietum 
caeruleae with different habitat conditions.

STUDY AREA

The study was carried out in Opatkowice district 
(N 49o 59’ 45.42’’, E 19o 54’ 12.08’’) located on the 
southern edge of Krakow, south of the Vistula River 
(southern Poland). The observations were conducted 
simultaneously in three abandoned Molinietum caeru-
leae meadows which developed at least 250 m from 
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each other and had different site conditions. Patch LM 
was dominated by small meadow species with delicate 
underground organs. The low rosette-forbs and small-
-tussock grasses intercepted a very low amount of ir-
radiance, contributing to strong insolation of the patch 
area. Patch TM was occupied by tall-growing taxa for-
ming large, compact tussocks or robust rhizomes. The 
above-mentioned plants quickly fill the gaps in plant 

canopy, shadowing the whole plot. Patch SH was over-
grown by bushes and surrounded by groups of dense-
ly grown trees with wide spreading roots, eliminating 
less competitive species. The compact canopy of le-
aves strongly decreased the amount of solar radiation 
reaching the ground surface. The detailed descriptions 
of the character of vegetation in the study patches are 
given in Table 1.

Table 1
The habitat characteristics of the patches dominated by small meadow species (patch LM),

occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH)

Patch abbreviations Patch LM Patch TM Patch SH

Patch area (m2) 1 400 m2 1 300 m2 1 450 m2

Number of species per patch 58 42 34

Dominants in plant canopy
(species with cover

exceeding 20%)

Lotus corniculatus
Lychnis flos-cucculi

Briza media

Molinia caerulaea
Deschampsia caespitosa 

Salix repens ssp.
rosmarinifolia 

Subdominants in plant canopy
(species with cover

ranging 5–20%)

Succisa pratensis
Betonica officinalis 

Phragmites australis
S. aurita 

S. cinerea
Crataegus sp.

Average vegetation height (cm)* 44.8 73.2 128.3

* The average vegetation height was calculated on the basis of 50 measurements of randomly chosen stems of different species. 

MATERIALS AND METHODS

The field trial was carried out in the years 2010–
2012. Each year the abundance and developmental 
structure of populations were investigated. Subsequen-
tly, the ramet cluster (defined as an aggregation of ge-
nerative and vegetative stems formed in the course of 
vegetative propagation of a genet) and the single ramet 
(understood as a vegetative or generative stem) were 
adopted as basic demographic units for examination of 
the size structure. The size structure of ramet clusters 
is based on the total number of ramets. 

The size structure of vegetative stems is based on:
– height (the distance from the ground level to 

the top);
– the length of the longest leaf. 
The size structure of generative stems is based on:
– height (the distance from the ground level to 

the base of the calyx of the primary flower); 
– inflorescence length (measured along the 

central axis from the base of the lowest late-
ral axis to the reflex of petals of the primary 
flower);

– length of the longest corolla tube (measured 
from the base of the tube to the point of reflex 
of the petals). 

Chi-square statistics were applied to check whe-
ther there were significant differences among popula-
tions in their structure of size. 

RESULTS 

Regardless of habitat conditions, the abundan-
ce of Dianthus superbus populations was rather simi-
lar. During the whole study period, 11 ramet clusters 
were found in patch LM, 18 ramet clusters were noted 
in patch TM, and 12 ramet clusters were observed in 
patch SH. In all patches, seedlings and juvenile indivi-
duals were not found, only the generative ramet clusters 
were present. The ramet clusters occurring in the whole 
study area consisted of vegetative and generative stems 
and the number of above-ground units declined from 
patch LM to patch TM to patch SH (Fig 1). The vege-
tative stems found in patch LM measured from 5.0 cm 
to 31.0 cm, in patch TM they reached from 4.0 cm to
46.0 cm, while in site SH they were from 7.0 cm to
33.0 cm (Fig. 2). The length of the longest leaf in site 
LM reached from 3.0 cm to 7.8 cm, whereas in the other 
plots it ranged from 3.0 cm to 8.6 cm (Fig. 3). The ge-
nerative stems in LM patch measured from 19.0 cm 
to 78.0 cm, in site TM they reached from 21.0 cm to
96.0 cm, while in site SH they were from 13.0 cm to 
93.0 cm (Fig. 4). The inflorescences observed in site 
LM reached from 5.0 cm to 28.0 cm, in patch TM they 
ranged from 4.0 cm to 30.0 cm, while in site SH they 
measured from 3.0 cm to 29.0 cm (Fig. 5). Although the 
length of the longest corolla tube in all patches ranged 
from 1.0 cm to 3.0 cm, the average values decreased 
gradually from LM patch to site TM to site SH (Fig. 6). 
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Fig. 1. The size structure of ramet clusters of Dianthus superbus occurring in patches dominated by small meadow species (patch 
LM), occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH) in the period
2010–2012 on the basis of the total number of ramets. Asterisks mean that there are significant differences among populations 
in each year by the χ2 test at the 0.001 level.
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Fig. 2. The structure of the size of vegetative stems of Dianthus superbus occurring in patches dominated by small meadow species 
(patch LM), occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH) in the period 
2010–2012 on the basis of height (cm). Asterisks mean that there are significant differences among populations in each year 
by the χ2 test at the 0.001 level.
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Fig. 3. The structure of the size of vegetative stems of Dianthus superbus occurring in patches dominated by small meadow species 
(patch LM), occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH) in the period 
2010–2012 on the basis of length of the longest leaf (cm). Asterisks mean that there are significant differences among 
populations in each year by the χ2 test at the 0.001 level.

patch LM
N=22
X=41.95

50%

99

50%

66

33

50%50% 50%50%

patch TM
N=47
X=68.78

patch SH
N=24
X=66.50χ2 =76.45***

patch LM
N=24
X=43.29

50%

99

50%

66

33

50%50% 50%50%

patch TM
N=53
X=70.22

patch SH
N=29
X=61.00χ2 =63.34***

patch LM
N=51
X=41.47

50%

99

50%

66

33

50%50% 50%50%

patch TM
N=70
X=75.60

patch SH
N=49
X=68.57χ2 =120.67***

Fig. 4. The structure of the size of generative stems of Dianthus superbus occurring in patches dominated by small meadow species 
(patch LM), occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH) in the period 
2010–2012 on the basis of height (cm). Asterisks mean that there are significant differences among populations in each year 
by the χ2 test at the 0.001 level.
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Fig. 5. The structure of the size of generative stems of Dianthus superbus occurring in patches dominated by small meadow species 
(patch LM), occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH) in the 
period 2010–2012 on the basis of length of inflorescence (cm). Asterisks mean that there are significant differences among 
populations in each year by the χ2 test at the 0.01 level (**) or at the 0.001 level (***).
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Fig. 6. The structure of the size of generative stems of Dianthus superbus occurring in patches dominated by small meadow species 
(patch LM), occupied by tall-growing taxa (patch TM) and partially overgrown by shrubs and trees (patch SH) in the period 
2010–2012 on the basis of length of the longest flower (cm). Asterisks mean that there are significant differences among 
populations in each year by the χ2 test at the 0.05 level (*) or at the 0.001 level (***).
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DISCUSSION

The constant abundance and advanced signs of 
senility might be caused by a lack of safe sites for re-
cruitment and establishment of seedlings. At the same 
time, it should be argued that both gaps in continuous 
plant cover and litter as well as disintegrating large-
-tussock grasses [14,15] may perform the role of mi-
crohabitats suitable for the emergence of generative 
offsprings in Molinietum caeruleae meadows. 

The present observations showing that the num-
ber of aboveground units declined from patch LM to 
patch TM to patch SH support the studies carried out 
in populations of other species occurring in abandoned 
wet and humid meadows such as Filipendula ulma-
ria [16], Iris pseudacorus [17], and I. sibirica [18]. 
The aforementioned authors claim that neighbouring 
plants, achieving great dimensions and creating robust 
underground organs, contribute to the successive de-
pletion of space necessary for vegetative multiplica-
tion of ramets. 

The present investigations showed that the he-
ight of vegetative stems and the length of the longest 
leaf of Dianthus superbus were larger at the site do-
minated by low meadow species than in the plots do-
minated by tall-growing taxa and the place overgrown 
by shrubs and trees. Under crowding conditions and 
in the vicinity of tall-growing plants, the increase in 
height of vegetative organs might be advantageous 
because it allows plants to outperform neighbours 
and contributes to more effective light interception.
A similar phenomenon was observed in populations 
of Trollius europaeus [19] and Iris sibirica [20]. Mo-
reover, the obtained results are consistent with a wide 
array of observations carried out on vegetative indivi-
duals of various species, documenting an increase of 
allocation in leaves and stems under crowding condi-
tions [21]. 

The present study demonstrating the increase 
in length of generative stems with the augmentation 
of the shading level corresponds with studies conduc-
ted in populations of Iris sibirica [20] and Gentiana 
pneumonanthe [22]. Such a phenomenon may contri-
bute to better visibility of inflorescences and flowers 
for pollinators. Also, the recorded increase in length 
of inflorescence of Dianthus superbus taking place 
under unfavourable crowding conditions may enhance 
the attractiveness of plants to pollinators and maximize 
mating opportunities. A similar tendency was recorded 
in numerous studies reviewed by H a r d e r  et al. [23]. 
At the same time, it should be added that the pollinator 
preference for larger inflorescences as well as inflo-
rescences positioned at a greater height was observed 
during experimental manipulations carried out in indi-
viduals of Silene virginica [24], a species closely rela-
ted to Dianthus. 

The observed gradual increase in the dimen-
sions of Dianthus superbus flowers in successive pat-
ches may be associated with the growing amount of 
nectar and more frequent pollinator visits. Silene vir-
ginica showed a positive correlation between the di-
mensions of flowers, quantity and quality of nectar as 
well as the frequency of pollinator visits [25]. On the 
other hand, the observations of pollination ecology of 
Silene latifolia [26] and Silene acutifolia [27] demon-
strated that the size of flowers has no effect on insect 
visitation. 

CONCLUSIONS

1. The constant low abundance and signs of advanced 
senility observed in all populations of Dianthus su-
perbus might be due to a lack of safe sites suitable 
to recruitment and establishment of seedlings.

2. The number of aboveground units per ramet cluster 
diminishes, while the length of leaves, the height of 
vegetative and generative stems as well as the size 
of leaves, inflorescences and flowers increase with 
the augmentation of dimensions of neighbouring 
plants.

3. The population inhabiting Patch LM has the hi-
ghest chances for survival because of intense ve-
getative multiplication of ramets, compensating 
the low abundance and small investment in the size 
of stems, inflorescences, flowers and leaves. The 
population occurring in Patch TM is characterized 
by an average state being a result of greater abun-
dance and considerable allocation of biomass in 
vegetative and generative structures. The highest 
risk of extinction, due the scarce number of ramet 
clusters consisting of a small number of abovegro-
und units, is related to the population established 
in Patch SH. 
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Struktura wielkości ramet
Dianthus superbus L.

w mozaikowej roślinności łąkowej

S t r e s z c z e n i e

Badania liczebności i struktury wielkości ramet 
ginącego, klonalnego gatunku Dianthus superbus pro-
wadzono w latach 2010–2012 w płatach nieużytkowa-
nych łąk trzęślicowych Molinietum caeruleae, cechu-
jących się stopniowym wzrostem wysokości runi. Płat 
LM cechował się znacznym udziałem roślin łąkowych 
tworzących niskie, płożące pędy i delikatne organy 
podziemne, płat TM wyróżniał się znacznym udziałem 
wysokich gatunków kępowych lub kłączowych, nato-
miast płat SH był częściowo zarośnięty przez krzewy 
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i drzewa, tworzące duże i rozgałęzione systemy korze-
niowe. 

Wszystkie badane populacje Dianthus superbus 
charakteryzowały się niską liczebnością i oznakami 
starzenia wynikającymi z braku bezpiecznych miejsc 
do rekrutacji siewek i rozwoju osobników juwenil-
nych. Odnotowany w kolejnych płatach stopniowy 
spadek liczby ramet w skupieniach mógł być spowo-
dowany brakiem wolnych miejsc niezbędnych do klo-
nalnego pomnażania jednostek nadziemnych. Wzrost 
długości pędów wegetatywnych oraz liści wraz ze 
zwiększaniem się wysokości pokrywy roślinnej umoż-
liwia efektywniejsze pochłanianie światła słonecznego 
w sąsiedztwie wysokich roślin. Z kolei, zwiększenie 

wysokości pędów generatywnych oraz długości kwia-
tostanów i kwiatów w otoczeniu wysokich sąsiadów 
może umożliwiać skuteczne zapylanie. 

Podsumowując, stwierdzić można, że najlepsza 
kondycja cechuje skupienia ramet Dianthus superbus 
bytujące w płacie LM, gdzie niewielka wysokość pę-
dów oraz mała długość liści, kwiatostanów i kwiatów 
jest rekompensowana przez intensywne pomnażanie ra-
met. Pomimo słabego wzrostu klonalnego, skupienia ra-
met występujące w płacie TM charakteryzują się zada-
walającym stanem ze względu na znaczną alokację bio-
masy w pędy wegetatywne i generatywne. Największe 
ryzyko wyginięcia wynikające z nieznacznej liczby pę-
dów cechuje skupienia ramet usytuowane w płacie SH. 
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