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Unitary and iterative growth of clonal species individuals: significance for
the spatial structure and the dynamics of population abundance

Unitarny a iteratywny wzrost osobnikow gatunkow klonalnych: znaczenie dla struktury
przestrzennej i dynamiki liczebnosci populacji

SUMMARY

The aim of the study was to determine the dynamics of unitary and iterative genets and the ra-
mets which they produce in the populations of two species represent diverse types of clonal growth:
Filipendula ulmaria (L.) Maxim. and Lythrum salicaria L. An attempt was made to answer the
following questions: Is there a demographic balance between the number of ramets produced by
genets, i.e. vegetative reproduction, and recruitment of new genets? How significant may quanti-
tative relations between unitary and iterative individuals be for the spatial structure and population
abundance dynamics?

There was similarity in the dynamics of the abundance of genets and ramets in the Filipendula
ulmaria and Lythrum salicaria populations. A slight increase in the number of genets and ramets was
noted in the second study season. In the subsequent vegetation seasons, a decline in their number
was observed. There was no statistically significant differences in the share of unitary and iterative
individuals and ramets that they produced. The populations are characterized by a spatial clumped
structure. During the observation, an increase in the mean number of ramets per one individual and
the aggregation coefficient (Leksis’ index) were noted.

Population of the species of hydrogenic habitats situated in river valleys are particularly
exposed to groundwater fluctuations. In the study area, a rapid rise of the groundwater level related
to beaver activity was observed. Water stress resulted in weaker growth of the existing genets and,
first of all, in lower recruitment of new ones. Intensive vegetative growth of Carex acutiformis
individuals and increase in the necromass layer thickness have a big significance for the population
dynamics of the study species.
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STRESZCZENIE

Celem badan byto okreslenie dynamiki genetow unitarnych i iteratywnych oraz ramet z nich po-
chodzacych w populacjach dwoch gatunkow reprezentujacych odmienne typy wzrostu klonalnego:
Filipendula ulmaria (L.) Maxim. i Lythrum salicaria L. Podjgto probg odpowiedzi na pytania: czy
w populacjach badanych gatunkow ksztattuje si¢ rownowaga demograficzna migdzy liczba ramet
produkowanych przez genety, czyli pomnazaniem wegetatywnym, a rekrutacja nowych genetow?
Jakie znaczenia dla struktury przestrzennej i dynamiki liczebno$ci populacji moga miec¢ relacje ilo-
$ciowe migdzy osobnikami unitarnymi i iteratywnymi?

Dynamika liczebnosci populacji Filipendula ulmaria i Lythrum salicaria ma podobny prze-
bieg. W drugim sezonie badan odnotowano niewielki wzrost liczby osobnikow i ramet, natomiast
w kolejnych sezonach wegetacyjnych obserwowano ich systematyczny spadek. W populacjach
badanych gatunkow w kolejnych latach badan nie stwierdzono istotnych statystycznie rdéznic
w udziale osobnikoéw unitarnych i iteratywnych oraz ramet przez nie wytwarzanych. Populacje cha-
rakteryzuja si¢ skupiskowym typem struktury przestrzennej. W trakcie badan odnotowano syste-
matyczny wzrost sredniej liczby ramet przypadajacych na jednego osobnika oraz wzrost warto$ci
wspotczynnika skupiskowosci (indeks Leksisa).

Populacje gatunkow siedlisk hydrogenicznych usytuowane w obszarze dolin rzecznych na-
razone sa szczegdlnie na wahania poziomu wod gruntowych. Na badanym obszarze odnotowano
gwaltowne podniesienie si¢ poziomu wod spowodowane dziatalno$cia bobrow. Stres wodny spo-
wodowat ostabienie wzrostu obecnych juz genetow, ale przede wszystkim zahamowat rekrutacjg
nowych. Duzy wptyw na dynamike¢ populacji Filipendula ulmaria i Lythrum salicaria ma rdwniez
intensywne pomnazanie wegetatywne osobnikow Carex acutiformis oraz wzrost miazszos$ci zalega-
jacej warstwy nekromasy.

Keywords: clonal plants, Filipendula ulmaria, Lythrum salicaria, unitary and iterative
growth, wet meadows

INTRODUCTION

The type of growth reflects the genetically determined architecture pattern of an individual. In
plants, we can distinguish a group of organisms which display unitary growth, that is, do not form
modules, and organisms exhibiting iterative (modular) growth, which are able to produce structural
units of the individual such as shoots, rhizomes or roots. A great majority of higher plants represent
the latter type of growth. The consequence of iterative growth is formation of individual complex
structures of various size and durability named clonal organisms (11, 17). The diversity in the growth
forms is a resultant of the influence of habitat conditions and inter- and intraspecies competitive re-
lations, as well as of adaptive abilities of the organisms themselves. Diversity in clonal growth forms
together with higher morphological and physiological plasticity makes better adaptation in various
environments possible (12). Iterative organisms utilize environmental resources (space, water, nu-
trients, solar energy) more effectively, especially when they are scarce or unequally distributed.
Their modular structure has important implications for the life history of clonal species: their ability
to move by spacers to neighbouring sites enables them to show a flexible response to their local
environment, and to escape unfavourable patches and exploit favourable ones. Most studies related
to clonal growth have focused on birth and death rates of ramets (21, 26, 27). To understand the



Unitary and iterative growth of clonal species individuals: significance for the spatial... 11

population dynamics and life history of clonal plants attention must be given also to the genet level
(7, 18, 19, 29). The genet is a developmental product of one zygote; genetic variation occurs mainly
at this level apart from variation due to somatic mutations (30). With this approach to the problem,
we can concurrently observe the effectiveness of reproduction in the generative and vegetative ways
in relation to the influence of the remaining environmental elements which may play the role of
a selection factor.

The aim of the study was to determine the dynamics of unitary and iterative genets and the ra-
mets which they produce in the populations of two clonal species: Filipendula ulmaria and Lythrum
salicaria. An attempt was made to answer the following questions: Is there a demographic balance
between the number of ramets produced by genets, i.e. vegetative reproduction, and recruitment of
new genets? How significant may quantitative relations between unitary and iterative individuals be
for the spatial structure and population abundance dynamics?

MATERIAL AND METHODS

The study was conducted in the Szum river valley in the Central Roztocze region. The study
area comprises hydrogenic habitats in the waterlogged terrace inhabited by a mosaics of meadow
communities of variable moisture of the Molinio-Arrhenatheretea class and Magnocaricion rushes
of the Phragmitetea class (4). The meadow vegetation is dominated by macroforbes: Filipendula
ulmaria, Lythrum salicaria, Lysimachia vulgaris, Cirsium rivulare, and C. oleraceum. Carex acu-
tiformis is a species which has increased its share in the recent years owing to elevation of ground-
waters.

Two perennial iterative plant species Filipendula ulmaria and Lythrum salicaria representing
different forms of integration and genet durability, were chosen for the study. Filipendula ulmaria
(Rosaceae) belongs to rhizomatous caulophytes (23). The species produces thick rhizomes with
short internodes, i.e., growing segments. Mature genets are composed of 20-30 ramets and may
cover an area of above 1 m?. Filipendula ulmaria genet life cycle lasts approximately 10 years. This
species displays both temporal and spatial dynamics. It contributes to forming a coarse-grained, or
even patchy, vegetation mosaics. Filipendula ulmaria is characterized by great competitive abilities
and is regarded as a succession promoter in meadow communities (9, 10, 13). Lythrum salicaria
(Lythraceae) is a clonal plant which, according to the classification of Lukasiewicz (23), belongs to
rhizocaulophytes. Lythrum salicaria genets are characterized by compact structure and, as a rule,
they are formed by a few or maximally over a dozen of shoots (ramets). This species participates in
formation of a fine- or coarse-grained spatial mosaics. The calendar age of the genets is estimated
at over 10 years. Strong, well-formed underground organs ensure long-term persistence of the indi-
viduals in the area that they cover. Thus, Lythrum salicaria displays a temporal rather than spatial
dynamics and, likewise Filipendula ulmaria, is considered to be a succession promoter (9, 13).

The study was conducted in a permanent plot (5 x 5 m) divided into 1 m? squares, situated in
a Lythro-Filipenduletum ulmariae patch. During four vegetation seasons (2005-2008), 1:10-scaled
plans of distribution of the marked genets and ramets were prepared. On this basis, interpolated
maps presenting the density of the ramets of the study species were made. The aggregation coeffi-
cient / (Leksis’ index) was calculated to estimate the type of the spatial structure in the Filipendula
ulmaria and Lythrum salicaria populations. Subsequently, the dynamics of the genets and ramets in
both species was determined. The two-side test for differences of two structure indices (the U-test)
was used to analyze the significance of differences between the share of unitary and iterative genets
and ramets.
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The nomenclature of the vascular flora follows Mirek et al. (25); the classification of plant
communities follows Matuszkiewicz (24).

RESULTS
Patterns of genet and ramet dynamics in the Filipendula ulmaria population

A slight increase in the Filipendula ulmaria abundance — from 76 to 79 — was
noted in the second study season (Fig. 1). In the subsequent vegetation seasons,
a decline in the number of genets by 13% in 2007 and another 8% in 2008 was
observed. A similar tendency was displayed by the structural elements of genets
— the ramets. The biggest number of the ramets was found in the second year
of the study — 426, whereas the smallest number — 362 — in the last study year.
A significant increase by 15% in the number of the ramets in 2006 is worth noting.
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Fig. 1. Genets vs. ramets dynamics in the Filipendula ulmaria population

A systematic increase in the mean number of ramets per one individual of
Filipendula ulmaria (with the maximum of 6 ramets in 2008) was observed
during the study (Fig. 2). The individuals were composed of 1 to maximally 21
shoots. Unitary genets constituted the highest percentage in 2006 (Fig. 3a). This
was influenced by both recruitment of new individuals into the population and
reduction in the number of the existing ramets. In the last year of observations
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Fig. 2. Changes in numbers of ramets per one genet of the Filipendula ulmaria population

the share of one-shoot genets was the lowest and reached only 12.1%. A similar
tendency was revealed by means of the analysis of the relations between the
number of ramets from unitary and iterative genets (Fig. 3b). In the first two
years the share of ramets forming unitary genets was the highest (3.9 and 4.0%,
respectively), followed by a two-fold decline in abundance in 2008 (1.9%). There
was no significant difference throughout the subsequent study years (U-test:
P<0.05), both in the case of the relations between unitary and iterative individuals
and the ramets that they produced.

The Filipendula ulmaria population is characterized by a spatial clumped
structure (Fig. 4, Table 1). During the observation, an increase in the Leksis’ in-
dex was noted, from 8.8 in 2005 to 11.1 in 2008. In the first and last study years
the mean number of ramets in every 1 m* was similar (14.0 and 14.3 ramets - m?,
respectively).

Patterns of genet and ramet dynamics in the Lythrum salicaria population

In the analyzed vegetation patch, the Lythrum salicaria population was
characterized by an almost two-fold lower abundance of individuals compared to
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Fig. 3. The share of unitary (black fields) and iterative (white fields) genets (a) and ramets
originated from unitary and iterative genets (b) of the Filipendula ulmaria population

the Filipendula ulmaria population (Fig. 5). There was similarity, though, in the
dynamics of the genets and ramets. In the Lythrum salicaria population, in the
second study year, a significant 20% increase in the number of new individuals
was observed. An even more remarkable rise was reported in the number of
ramets; their number increased by almost 40%. These results indicate great



Unitary and iterative growth of clonal species individuals: significance for the spatial... 15

2005 2008
24

“ al

Sumber of ramcis
134 m

5 > P

Fig. 4. Changes of ramet density and spatial pattern in the Filipendula ulmaria population

Table 1. Changes of abundance, density and dispersion of ramets in the Filipendula
ulmaria population

2
: s
Year Number Ramets - m? ="
of ramets X
x+SD Min. | Max.
2005 372 14.0+£9.7 0 40 8.8
2008 362 143+12.6 0 43 11.1

effectiveness of both generative and vegetative reproduction. In the subsequent
seasons the tendency was reverse: the number of individuals of the study species
was decreased by 10%, compared to the initial condition.

The relations between the abundances of the genets and ramets in the
Lythrum salicaria population were on a similar level throughout the study period
and ranged, on average, from 2.7 to 3.1 ramets per genet (Fig. 6). The number of
unitary individuals decreased from 30% in 2005 to 11% in 2008 (Fig. 7a). The
same was concurrently observed on the level of ramets. The number of shoots
from unitary individuals was almost three-fold lower than that in the initial
condition (Fig. 7b). Likewise in the Filipendula ulmaria population, there were no
statistically significant differences in the share of unitary and iterative individuals
and ramets that they produced (U-test: P< 0.05).

The aggregation coefficient values indicate an increased degree of aggrega-
tion of Lythrum salicaria ramets in the first and last study years (Fig. 8, Table
2). The density of ramets in the research area in the above-mentioned years was
comparable (4.5 and 4.3 ramets - m?).
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Fig. 5. Genets vs. ramets dynamics in the Lythrum salicaria population
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Fig. 6. Changes in numbers of ramets per one genet of the Lythrum salicaria population
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Fig. 7. The share of unitary (black fields) and iterative (white fields) genets (a) and ramets
originated from unitary and iterative genets (b) of the Lythrum salicaria population
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Fig. 8. Changes of ramet density and spatial pattern in the Lythrum salicaria population

Table 2. Changes of abundance, density and dispersion of ramets in the Lythrum
salicaria population

Year Number Ramets - m? I= i
of ramets X
X+ SD Min. | Max.
2005 109 45+44 0 25 43
2008 111 43+53 0 27 6.5
DISCUSSION

The pattern of changes in genet and ramet abundance in a population depends
on the demographic equilibrium between seedling recruitment and the number of
new ramets produced by individuals. In clonal species populations, a compromise
is established between vegetative reproduction that ensures effective dispersal of
best adapted individuals, and generative reproduction leading to increased genetic
diversity of the population (6, 17, 20). The colonization success of each species
depends on numerous factors, among others, on the habitat conditions, floristic
composition of the inhabited area, the way of reproduction, type of growth and
life span (9). Filipendula ulmaria and Lythrum salicaria represent diverse types
of clonal growth with particular differences in terms of persistence and the genet
size. These species are characterized by the ability of long-term persistence in
the area that they occupy and great competitive features (13, 15). The analysis
of Filipendula ulmaria and Lythrum salicaria habitat requirements demonstrates
that in the study vegetation patch these species should have optimal growth and
development conditions (32). Population of the species of hydrogenic habitats
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situated in river valleys are particularly exposed to groundwater fluctuations. This
may result in stress sensu Grime (15) caused by periodical anaerobic conditions
(8, 22, 28, 31). At the beginning of the vegetation season in 2006, a rapid rise
of the groundwater level (ca. 35 cm) related to beaver activity was observed.
This condition persisted till spring 2008. The consequences of the long-term
waterlogging were revealed at the levels of individuals and species populations
that form the floristic composition. Water stress resulted in weaker growth of the
existing genets and, first of all, in lower recruitment of new ones. The lowered rate
of recruitment of new genets in the populations of the two species was noted in the
second year of the research and it persisted throughout the observation. A similar
tendency was reported in the ramets produced by the genets.

The fall in the seed count and the decreased number of small-scale gaps,
which play the role of the so-called safe sites for germination (17) or regenerative
niches (16), are the most important factors that contribute to reduced effectiveness
of generative reproduction. In the study species populations, a systematic decline
of the share of ramets producing inflorescence was observed (Franczak, unpubl.
data). No generative ramets were observed in the Filipendula ulmaria population
in the study area during 2007 and 2008 seasons. Filipendula ulmaria and Lythrum
salicaria seedlings occurred in big numbers in the gaps between adult individuals
(as many as several tens of seedlings per 0.01 m?), but they did not usually survive
till the end of the vegetation season. Intensive vegetative growth of Carex
acutiformis individuals seems to have the biggest significance for the population
dynamics of the study species. Ramets of this expansive sedge species dispersed
at a fast rate into microhabitats which could potentially play the role of safe
germination sites for seeds of other species. In the study period, an increase in the
necromass layer thickness (ca. 58%) was reported. Necromass may be a physical
barrier preventing seeds from access to the soil surface, thus diminishing the soil
pool of the seed bank. Additionally, it may worsen the physical and chemical
properties, especially light and humidity conditions, of microhabitats in which
seedlings grow (1, 2, 14). The sum of these sudden habitat changes and the
consequent increased competition between the co-occurent species are reflected in
changes in the pattern of spatial organization of Filipendula ulmaria and Lythrum
salicariapopulations. Anincrease in the degree of ramet aggregation in both species
was noted. This was caused by both the fall in the generative reproduction share
in the population and increased mortality of juvenile genets (usually composed
of a small number of ramets), which inhabit local ground depressions and are
exposed to waterlogging. The best adapted mature genets oriented first of all to
produce new ramets have started to play the most significant role in the population.

The long-term observations of the abundance dynamics and spatial structure
of clonal plants indicate that the variable pattern in a given species population is
a resultant of environmental conditions and intrapopulation effects (3, 5). It seems
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that biotope heterogeneity and interspecific competition are the predominant fac-
tors that influence the population dynamics. Further observations may be expected
to contribute to recognition of the character and significance of interactions at the
level of individuals in the population.
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