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Introduction 

Clonal plants grow horizontally by producing multiple physiological individuals, called “ramets”. 

In clonal plants, a whole plant developed from a single zygote is referred to as a “genet”, and it 

often consists of a number of ramets. This terminology was coined by Kays & Harper (1974). 

Ramets are feeding sites of the clonal plant, and they can be interconnected by spacers (Bell 1984) 

such as stolons or rhizome segments, which can have an important role of the placement of ramets 

and the storage and transport of resources (Dong & de Kroon 1994). 

A newly established ramet is either able to become physiologically independent or to maintain 

its between-ramet connections (see Oborny et al. 2000). Clonal integration, the ability to transfer 

water and nutrients through the connections, has several advantages for clonal plants, e.g. it allows 

them to cope with environmental heterogeneity by alleviating local resource shortages, influencing 

competitive ability, increasing invasiveness and altering the species composition and invasibility 

at the community level (Liu et al. 2016). 

The ability of clonal growth may have an important role in some exotic species invading 

seminatural vegetation (Vogt-Andersen 1995); thus, studying clonal growth can be important from 

the aspect of conservation biology. To eliminate or control invasive species threatening our native 

plant communities, we need to understand their behaviour. Our study may contribute to a deeper 

understanding of clonal plant growth and its limiting factors. 

The research was supported by the New National Excellence Program of the Ministry of 

Human Capacities (ÚNKP-17-3), the National Science Foundation of Hungary (NKFI-OTKA 

109215 and 124438). 

 

Methods 

We studied clonal growth by means of a spatially explicit dynamic model, based on a stochastic 

cellular automaton. This model provides a convenient tool for representing environmental 

heterogeneity and the growth rules of the plant (e.g. branching angle, branching probability etc.). 

In our model, space was represented by a two-dimensional lattice consisting of 22500 

hexagonal cells. Boundaries were closed. Every simulation instance represented the growth of a 
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single genet, which consisted of ramets and spacers between ramets. The process started from one 

seed placed into the field at a randomly selected site (a hexagonal cell) near the centre of the field. 

Each site could contain only a single ramet. 

The focus of our study were the growth rules internal to the plant, and environmental 

heterogeneity. In case of heterogeneous environments, the lattice consisted of two types of cells: 

resource-rich and resource-poor. Resource-poor sites were forbidden for the plant. We investigated 

the effects of branching angle and ramet mortality on clonal plant growth, and the occupancy in 

relation to the scale of environmental heterogeneity relative to the growth scale of the plant. 

 

Results and conclusions 

(1) The efficiency of occupation was the lowest when the environment was labyrinth-like. 

(2) Limitation of branching directions did not have a great influence on occupancy, furthermore it 

had a positive effect on it in some cases. 

(3) With increasing ramet mortality, the average number of ramets tended to decrease, but it was 

not the lowest ramet mortality that resulted in the highest occupation. 

(4) Very low ramet mortality was unfavourable for the plant, as the spreading front and the area 

behind this front were so packed that the plant was not able to return and recolonize the vacated 

sites in the central area, favouring the development of ring-formation. 

Clonal growth theoretically allows the plant to occupy all empty sites in a resource-rich patch, 

but this can be limited by environmental heterogeneity and growth rules of the plant. Unoccupied 

sites can be colonized by other plants, and it can have a great influence on community assembly. 

We modelled clonal plant growth in a homogeneous and a heterogeneous environment as 

well, we tested the effects of branching angle and ramet mortality on clonal growth. However, 

without field studies, these do not yet provide a full picture of environmental controls and growth 

rules internal to the plant. A comprehensive study of this issue would be an interesting and 

important subject for future research (see a pioneering study by Wildová et al. 2007). 
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