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Population biology of the clonal plant Ranunculus lingua 

- Summary of the thesis -

INTRODUCTION

Background

Most plants have a modular organisation, where the module is defined as 
'the multicellular unit of construction that is iterated in the process of 
growth' (Harper et al. 1986). The ecological and evolutionary 
consequences of this important delimitation from unitary organisms have 
rather recently been fully appreciated. Since the pioneering works of the 
Harperian school' (e.g. Kays and Harper 1974), however, studies of 
clonal plants have been published at a steadily increasing rate (reviewed 
in Jackson et al. 1985, van Groenendael and de Kroon 1990). This work 
has identified important questions on the functional importance of certain 
traits in clonal plants, which deserve further attention. These include (a) 
how variation in architecture and morphology of clonal plants, e.g. length 
and longevity of branches, branching patterns and branching intensity, is 
reflected in patterns of translocation and storage of resources within 
clones, (b) how clonal growth characteristics can be related to resource 
acquisition, and (c) how the degree of integration (fragmentation vs. 
integration) between ramets of a clone and the size and function of 
'vegetative offspring1 can determine the demography of the ramet 
population.

A growing concern of the general applicability of traditional theory 
of natural selection has instigated a number of authors to propose 
alternative models on selection mechanisms specifically for clonal 
organisms (e.g. Jerling 1985, Tuomi and Vuorisalo 1989, Eriksson and 
Jerling 1990, Schmid 1990, Fagerström 1992). A common feature of 
these models is that selection acts on multiple levels in the hierarchical 
organisation of clonal organisms and that demographic processes at the 
ramet level are fundamental for genet fitness.

This thesis is a contribution to increasing the knowledge of 
selected aspects of clonal plant biology as exemplified by patterns found 
in the clonal aquatic plant Ranunculus lingua.
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Objectives

The general purpose of this study was to identify, describe and quantify 
important life-history traits for the pseudoannual (sensu Wanning 1918) 
aquatic plant Ranunculus lingua in different ecological settings, by 
comparing populations from geographically marginal vs. central habitats. 
This approach was chosen for several reasons. First, by contrasting 
geographically widely separated populations, chances of finding differing 
ecological factors that might be reflected in life-history differences 
between populations were maximised. Second, marginal populations are 
interesting study objects per se, since knowledge of their dynamic 
properties and factors that control them might explain variation in 
regional abundance within a species' distribution area (Carter and Prince 
1987, Hengeveld 1990). Third, marginal and isolated populations of 
many plants are believed to be of considerable age (relict populations), 
including those of R. lingua. To identify processes that maintain these 
populations is highly relevant for issues of conservation biology (Gilpin 
and Soulé 1986). The specific objectives of the different studies were:

(I) To identify and assess the important factors controlling ramet 
numbers and ramet size in marginal vs. central populations of R. lingua, 
and to generate testable predictions about life history differences 
between these populations.

(II) To determine if life-history differences between marginal and 
central populations can be assigned to phenotypic plasticity or if they 
have a genetic basis, and to describe how these differences are reflected 
in the performance of plants at their home vs. alien habitats.

(III) To determine if rhizome production in R. lingua is size- 
dependent and if there are interpopulation differences in this relationship. 
- Is there a trade-off between size and number of rhizomes and do 
patterns differ between populations? - How are possible size-dependent 
relationships influenced by experimentally manipulating two fundamental 
factors, viz. ramet density and nutrient levels: are effects reducible to 
size-dependent effects, or are there certain species-specific and/or 
population-specific responses to these environmental cues?

(IV) To assess the importance of water dispersal of vegetative 
diaspores in marginal populations of R. lingua. - What is the extent and 
range of dispersal? - How are stranding patterns related to river 
morphology and to the distribution of established stands of the species? - 
What is the frequency of establishment and survival of vegetative 
diaspores? - How is dispersal related to the dynamics of the population?
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Ranunculus lingua and its habitat

Ranunculus lingua is spread throughout Eurasia with a core distribution 
in the central and eastern parts of Europe (Meusel 1965). In Scandinavia 
and Finland it is fairly common in the south, while only a few scattered 
populations occur in the north (Hultén 1971). From a geographical point 
of view, these northern populations can be considered as both marginal 
and isolated. Due to their isolation, they have traditionally been 
interpreted as relict populations from a period with a warmer climate 
and/or more favourable dispersal conditions (Nilsson 1982). The 15 979 
km2 large province of Västerbotten, containing the marginal populations 
of this study, has a total of 12 localities with R. lingua, including the 
northernmost in Sweden. In contrast, the province of Uppland, where the 
populations defined as 'central' were situated, holds ~310 occurrences of 
R. lingua on an area of 13 184 km2. The habitats in these two regions 
differ in many respects. In southern (central) parts, R. lingua typically 
inhabits shallow parts of lakes and rivers, growing in dense stands of tall 
emergent macrophytes, such as Phragmites australis. Spring flood, 
occurring in March-April, is relatively long and moderate in height. In its 
northern range R. lingua is restricted to small rivers, where current 
creates frost-free habitats in the winter. Here, spring flood is contracted 
in time, high in amplitude and usually peaking in early May. Carex 
rostrata, Equisetum fluviatile and Scirpus lacustris are common 
associated helophytes in marginal habitats.

The pseudoannual growth habit is common among aquatic plants 
(Sculthorpe 1967). In R. lingua it is expressed through the procedure of 
the mother ramet, before dying, to produce one to several over-wintering 
rhizomes from its basal nodes. As shoot growth starts in spring, lateral 
buds are initiated, which develop into rhizomes in mid summer when 
shoot elongation is complete and flowers have developed. The rhizomes 
are buoyant because of hollow intemodes and are therefore effectively 
dispersed in water. Production of mature seeds of R. lingua regularly 
occurs up to around 61° N in Sweden, but recruitment from seeds is still 
very infrequent in populations south of this limit. North of this latitude 
production of mature seeds has never been observed (Nilsson 1982, M.E. 
Johansson, pers. obs.), probably due to the short growing season. 
Therefore, it is likely that recruitment of new ramets to the populations is 
almost exclusively occurring through vegetative reproduction.
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SUMMARY OF PAPERS I-IV

(1) Factors controlling dynamics in marginal and central populations 
of the clonal aquatic plant Ranunculus lingua
This study provides a basis for II and ID. Two marginal and two central 
populations of R. lingua were studied during four years. The main 
purpose was to quantify potentially influential abiotic and biotic factors 
and to derive predictions about life-history differences between the 
populations. Variation in abundance and size of R. lingua ramets at 
different depths were related to water-level fluctuations, to abundance of 
other emergent macrophytes, and to the occurrence of invertebrate 
grazing and fungal pathogens.

It was found that abiotic factors (water-level fluctuations and 
associated processes) tended to have a greater influence in marginal 
populations, whereas biotic factors (competition, insect grazing and 
fungal infections) were more important in central populations. This was 
reflected in (1) different depth distribution of ramets between the areas,
(2) different dynamic patterns, with a higher flux of ramets in marginal 
populations, and (3) different size distributions between the areas. The 
patterns suggest that marginal habitats for R. lingua would favour life- 
histories with a high reproductive capacity, whereas a large size of 
ramets would be die most important life-history feature in central 
habitats. This was supported by the fact that ramets in marginal 
populations, in spite of their smaller size, produced higher numbers of 
rhizomes than ramets in central populations. It was hypothesised that the 
variation in regional abundance of R. lingua might be related to 
differences in demographic processes, but that differences in dispersal 
mechanisms between central and marginal areas could be equally 
important.

(II) Life history differences between central and marginal 
populations of the clonal aquatic plant Ranunculus lingua', a 
reciprocal transplant experiment.

This study specifically addressed points made in I regarding the basis for 
different life-history traits between marginal and central populations, by 
performing a reciprocal transplant experiment. Ramets from marginal 
and central populations performed relatively equally at the marginal 
habitat, whereas marginal ramets suffered a greater reduction in most
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growth measures at the central habitat. Insect herbivory and fungal 
infections had a great impact on ramets at the central site, but was 
insignificant at the marginal site. The allocation pattem to rhizomes 
differed between ramets from the two populations in two traits, viz. the 
number of rhizomes produced per mother ramet and the average rhizome 
size. Irrespective of transplant site, marginal ramets produced more but 
smaller rhizomes, whereas central ramets produced individually larger 
but fewer rhizomes. This trade-off pattem can be related to differences 
between the habitats. The importance of producing large rhizomes in the 
central habitat was strongly supported by the fact that initially small 
ramets were more likely to be diseased and more damaged by grazing 
than initially larger ramets. In the marginal habitats, on the other hand, 
where mainly density-independent mortality, caused by abiotic factors, 
seems to control ramet populations, a life-history which emphasises 
producing many, rather than large, vegetative offspring would be 
favoured.

(Ill) Responses of rhizome production to ramet density and sediment 
fertility in the clonal aquatic plant Ranunculus lingua: do big plants 
produce more vegetative offspring?

In this study, variation in growth and reproduction in R. lingua was 
experimentally examined in a controlled environment. Ramets from a 
marginal and a central population were grown in low and high densities 
and under three contrasting nutrient levels in a glasshouse. The allocation 
to sexual structures, measured as dry mass, was generally very low, and 
did not incur any costs in terms of reduced rhizome production. Rhizome 
production showed strong positive allometrical relationships to mother 
ramet size. Interpopulation differences were revealed in the partitioning 
of biomass into number of rhizomes vs. their individual size. For the 
marginal population, increasing mother ramet size resulted in a larger 
increase in rhizome numbers than for the central population, whereas in 
the central population an increase in mean rhizome mass was most 
pronounced. Both populations showed similar reductions in rhizome 
production in response to increased density and lowered nutrient levels, 
which could not be explained by size-dependent effects alone.

The results contradicted a proposed general model for clonal 
growth in relation to patch quality, and it was suggested that such models 
should consider variation in morphology and function of different clonal 
plants. It was also stressed that 'vegetative reproductive effort* is an
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inappropriate general measure for inter- and intraspecific comparisons in 
clonal plants, since important size-number differences might be 
overlooked.

(IV) Hydrochory, population dynamics and distribution of the clonal 
aquatic plant Ranunculus lingua

The last paper focuses on processes in the marginal populations. The 
dispersal and dynamics of R. lingua were studied in a marginal river 
population in northern Sweden, where it is exclusively dispersed by 
vegetative diaspores (i.e. floating rhizome fragments). The study focused 
on (a) the extent and range of dispersal, (b) relationships between 
dispersal and distribution of established stands of R. lingua, and between 
dispersal and environmental characteristics of the river (i.e. "river 
status"), (c) the establishment success of vegetative diaspores, and (d) the 
relative changes in ramet numbers between years.

Between 0.8 and 2.9 % of the total population of ramets were 
estimated to disperse each year. Most rhizomes were dispersed within 1.5 
km in a leptokurtic pattern. A river lake functioned as a dispersal barrier, 
preventing dispersal distances larger than 3 km. Vegetative diaspores 
were mainly dispersed to river curves and obstacles, and the distribution 
of established stands was also highly correlated with these features. 
Establishment was low and probably strongly influenced by water-level 
fluctuation and winter conditions. Relative changes in ramet numbers 
varied between years and were correlated with water-level fluctuations 
during the present and previous growing seasons, with winter low-water, 
and with duration of spring-flood. The predictability of change was high 
within but low between stands.

It was concluded that dispersal of vegetative diaspores is an 
important process for the structuring and maintenance of marginal 
populations of R. lingua.

CONCLUSIONS AND OUTLOOKS

Ranunculus lingua - a living image o f a risk-spreading clonal plant?
If ramets die largely independent of other ramets in the same clone, the 
probability of genet persistence is increased. This is one of the main 
benefits of clonality as first suggested by Cook (1979, 1985). Similarly,
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genet splitting by fragmentation has also been interpreted in adaptive 
terms as a means to avoid systemic diseases to spread through the entire 
clone (Harper 1978). Additional clonal functions have since then been 
interpreted as forms of risk spreading (Eriksson and Jerling 1990), 
including (1) the possibility to overcome mortality by translocation and 
storage of resources, which is important if temporal variability of the 
environment is high (e.g. Carlsson et al. 1990), and (2) the production of 
phenotypically variable ramets, as a stabilising feature of ramet 
population dynamics (Kingsolver 1986, Eriksson 1988, Jerling 1988; cf. 
Lomnicki 1988, Chesson and Huntly 1988).

How then can risk-spreading be envisaged in R. lingual In 
marginal river populations, dispersal of vegetative diaspores was shown 
to be an important process for the local distribution of ramet populations 
(TV). The probability of extinction for the genet is reduced by this 
process, since some ramets are always devoted to dispersal and potential 
establishment of new sites. This implies that variation in dispersal 
effectiveness of the vegetative offspring might be yet another aspect of 
clonal risk spreading. Furthermore, it is likely that not only the splitting 
of the genet per se is important, but also the spacing pattern, lengths and 
sizes of rhizomes, in response to the effects of the systemic downy 
mildew Peronospora gigantea Gäum. and its interaction with the insect 
herbivore Prasocuris phellandri (L.) (Coleoptera: Chrysomelidae) in 
central populations (I, H). The question of how selection for risk 
spreading influences patterns of integration, translocation and variability 
among ramets will clearly be important for future studies of clonal 
plants.

Trade-off patterns and size-number strategies in clonal plants

Traditionally life-history studies on plants have focused on trade-offs 
between reproduction and survival (e.g. Steams 1989). Applied to clonal 
plants this implies contrasting clonal growth (or vegetative reproduction) 
to sexual reproduction. The relevance of this approach can be questioned 
on both theoretical (see Schmid 1990) and empirical grounds. It has been 
shown that the cost of sex in clonal plants can be very low or even zero 
(Reekie and Bazzaz 1987a-c, and indicated in III).

The only way for a clonal plant to contribute new genets to a 
population is through sexual reproduction, while ramet numbers can 
increase by recruitment from seeds, vegetative reproduction, or both. 
Which of these modes will prevail in a population is determined by
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environmental conditions and genet architecture of the plant (e.g. Schmid 
1985). This implies that selection on a size-number trade-off could act at 
different levels in the hierarchical organisation of a clonal plant and that 
this will vary among populations and species of clonal plants. Therefore, 
it might be possible that for certain clonal plants the most interesting 
trade-off is not between growth and sexual reproduction, but lies within 
the mechanism of vegetative reproduction.

Since clonal plants are hierarchically organised in ramets and 
genets, demographic processes at the ramet-level are fundamental for the 
dynamics of genets. If ramet life histories are not closely correlated 
within genets, which is the case in non-integrated clonal plants, the fitness 
of the genet will depend on processes at the ramet level (Schmid 1990). 
Consequently, plant traits associated with the growth rate of the ramet 
population, e.g. the production of vegetative offspring and their 
individual performance, will be fundamental for genet fitness. Determined 
by the environmental characteristics of a habitat, the genotype whose 
traits best promote growth of the ramet population will increase in 
frequency (Sackville Hamilton 1987).

The growth of the ramet population will be determined by the 
number of vegetative offspring produced as well as their survival and 
subsequent ability to leave progeny. If stochastic mortality factors prevail 
in a habitat, a ramet life-history which involves allocation to a larger 
amount of vegetative offspring will be favoured. If, on the other hand, 
mortality factors do not act independently of ramet size, the fate of the 
individual ramet will be determined by the amount of resources allocated 
to it. In this study the size-number relationships in rhizome production 
were clearly different between marginal and central populations of R. 
lingua (II, III; Fig. 1). The consistency in these patterns strongly suggests 
that allocation differences have a genetic basis. Provided that selection 
has been acting on these traits and that the nature of the selective forces 
in the different habitats has been relatively consistent, these differences 
could be explained in adaptive terms. The stronger influence of abiotic, 
stochastic mortality factors in marginal habitats (I, IV) has favoured a 
high reproductive capacity, expressed in a production of high number of 
rhizomes. In central habitats, biotic factors, such as competition from 
taller helophytes, herbivory and fungal pathogens, have a greater negative 
impact on smaller ramets compared to larger ramets (I, II). Here, 
genotypes that invest more resources into each rhizome have been 
selected for.
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It is also reasonable to assume that the variation in a size-number 
trade-off of vegetative offspring is an especially important life-histoiy 
feature in pseudoannual plants. Their time for intra-clonal regulation is 
short (one growing season at the most) and they have no possibilities for 
reallocation and storage of resources within an extensive rhizome system, 
as opposed to integrated clonal plants. Furthermore, the possible 
selection pressure on this ramet level trait would also be reinforced if 
input of ramets to the population is dominated by vegetative 
reproduction, such as in R. lingua. The general existence and the 
ecological and evolutionary significance of size-number strategies in 
clonal plants will be an intriguing task for future research to confront.
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Fig. 1. Rhizome production (numbers and size) of plants originating from marginal 
and central habitas of Ranunculus lingua. Data are from experimental populations in 
a marginal field site and in a glasshouse. The curves were generated by fitting the 
simple allometric model logg y  = a + ß logg (mother ramet mass) to the data using 
linear regression analysis. The slopes of the regression lines, /3, are in all cases 
significantly different between the populations (ANCOVA, P<0.05). These graphical 
models should, however, be considered tentative, as to the nature and limits of the 
relationships, since quite a large variation exists in the data (revalues £ 0.43).
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