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Motivation and Aim: Geobotanists have described more than 2000 plant ontogenies (the 
period of development from zygote to death). The concept of discrete description of 
individual plant development was formulated in the middle of the twentieth century [1, 
2]. Studies have also been conducted on the modularity of plant structure [3, 6]. The 
combination of these two approaches with the modeling of cellular automata has become 
the basis of a mathematical model that allows you to visualize the development and 
predict the timing of the occupation of the territory by plant cenopopulations and predict 
interactions between different plants. 
Methods and Algorithms: The CAMPUS model (Cellular Automata Model of Plants’ 
United Spread) is an individual-based and spatially-explicit discrete simulation model 
[4, 5]. Since the model is intended to be able to treat a dynamics of population of as 
clonal plants as well as seeds plants we use a term “plant unit” (PU) for either a partial 
formation (i.e. a shoot together with rhizome) or for an individual plants (Figure). To be 
realistic enough for many species of forest ground vegetation the spatial resolution of 
CAMPUS model should be no less than 1×1 cm. In our program it is limited only by 
computer capacity. The time step of the model is 1 calendar month which is appropriate 
to represent all growth phases of plants. The features of the model are as follows: plant 
ontogenesis is encoded by 10 ontogenetic states; plants of different stages and different 
life forms may have different schemes of morphological structures, both aboveground 
and underground (rhizomes, roots); morphological structures may vary in size and shape, 
probabilities of dying off or rejuvenate during ontogenesis. 
 

Fig. 1. CAMPUS model organization diagram (a) and the flowchart of the CAMUS-S model individual 
step (b). Se, P, J, Im, V, G1, G2, G3, Ss, and S are PU development stages which in the model are based 
on ontogeny theory. Solid lines show possible transitions between ontogenetic stages, dotted lines show 

seed reproduction, dotted-dashed lines show vegetative reproduction 
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Results: The parameterization of the model has been carried out for eight perennial 
species that dominate coniferous and coniferous-deciduous forests. The species belong 
to different life-form: deciduous dwarf shrub Vaccinium myrtillus L., evergreen dwarf 
shrub Vaccinium vitis-idaea L., Wintergreen rhizomatous rhizomatous summer green 
plant Convallaria majalis L.; rhizomatous winter green plants: Aegopodium podagraria 
L., Carex pilosa Scop., Oxalis acetosella L.; rhizomatous fern Pteridium aquilinum (L.) 
Kuhn ex Decken; bunch grass Calamagrostis arundinacea (L.) Roth. Data about 
primroses: Anemone ranunculoides L., Corydalis solida (L.) Clairv. and other plants 
were collected.  
Conclusion: The CAMPUS-S computer program allows to represent detailed 
information about the morphology of plants (height of shoots, diameter of the 
aboveground part, length of rhizomes, number and frequency of their branching), time 
indicators of ontogenetic development (duration of stages), flexibility of growth patterns. 
Such data make it possible to model the spatial development of plants and predict 
competition for the space of cenopopulations of different species. 
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