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Supplementary Information 

Asymmetric neighbourhood computation 

Competition for resources is considered a main limiting factor for plant growth1, and because 

plants, unlike animals, are unable to change their physical location, their resource acquisition 

depends on their local environment, including resource availability, plant size and the distance 

and size of neighbours with whom they compete2,3. This has driven the development of 

position-dependent competition indices2. The larger and closer a given plant’s neighbours are, 

the stronger the competition the plant experiences, but this competition pressure can be reduced 

by the target plant’s size. For example, competition is thought to be symmetrical if within a 

given group of trees all the neighbours are located at similar distances and are of a similar size 

(i.e. all neighbours possess similar chances to access resources). The opposite occurs for plants 

with contrasting size distributions, where bigger plants have a disproportionately larger effect 

on competition and resource acquisition1 over smaller neighbours. This concept has stimulated 

the development of several methods to measure competition and study its effect on forest 

community dynamics2. A commonly used competition index is that developed by Hegyi4, 

defined as 
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where 𝐶𝐼#$ represents the competition index between a target 𝑡𝑟𝑒𝑒# and a given 

𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟$. 𝐷?@A$ is the stem diameter 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟$, whereas 𝑑𝑖𝑠𝑡#D$ is the distance between 

the 𝑡𝑟𝑒𝑒# and its 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟$. This means that the larger 𝐷?@A# is relative to 𝐷?@A$, the smaller 

𝐶𝐼#$ becomes, and the cumulative competition (𝐶𝐼) for a 𝑡𝑟𝑒𝑒# (the sum of competition values 

computed for each neighbour of 𝑡𝑟𝑒𝑒#: 𝐶𝐼 = 	∑ 𝐶𝐼#$$ ) decreases as the stem diameters of target 

trees become wider (Fig. S1A). Then, 𝐶𝐼 is a measure of competition autocorrelated to tree 
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size; however, when assessing the effect of 𝐶𝐼 on tree allometry, statistical assumptions of 

independence between variables are violated, so no conclusions can be drawn as to the potential 

effect of neighbourhood interactions on final tree height irrespective of grafting (Fig. S1B). 

Thus, the question remains open as to whether trees are grafted because they have wider stem 

diameters, or they have wider stem diameters due to being grafted (Fig. S1B). 

 

Figure S1. A Relationship between competition index (𝐶𝐼) and stem diameter for grafted (blue) 

and non-grafted trees (purple) with increasing 𝐶𝐼 (point size) showing that higher 𝐶𝐼 values 

correspond to smaller stem diameters (p < 0.001). B Relationship between tree stem diameter 

and height showing that the 𝐶𝐼 is reduced as stem diameters increase regardless of the grafting 

condition. 
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To deal with the autocorrelation effects of the Hegyi index, we adapted an approach to estimate 

asymmetric neighbourhoods as an estimate of the competitive pressure of a target 𝑡𝑟𝑒𝑒# based 

on the position and size of its neighbours5,6 defined by the following vector: 
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where 𝑣 represents the vector of the neighbourhood asymmetry. The sum runs over the 

neighbours (𝑗) of the target 𝑡𝑟𝑒𝑒#. 𝐷?@A- is the diameter of each neighbour, whereas I𝑆#—SSI
L 

denotes the squared distance between the stem position (S) of neighbour j and the stem position 

S of target 𝑡𝑟𝑒𝑒#,  and	(𝑆#—SS) expresses the vector between the positions of trees 𝑗 and 𝑖.  This 

approach was originally developed to understand the plastic responses of root systems to 

neighbours and was further applied to explore tree-crown plasticity5-8. It is useful for 

determining the relationship between neighbour sizes and grafting status as it does not assume 

interactions between the target tree and its neighbours. As we are only interested in the 

magnitude of the neighbourhood asymmetry, not the direction, we used |𝑣| (the magnitude of 

vector 𝑣) and related it to each tree’s stem diameter and grafting status, where for any given 

neighbourhood asymmetry size, there was an array of stem diameters (Fig. 2A) and an adequate 

exploration of tree height as a response to stem diameter and neighbourhood attributes could 

be assessed (Fig. S2B). 
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Figure S2. A Distribution of the stem diameters of grafted (blue) and non-grafted (purple) trees 

along a neighbourhood asymmetry index (point size) showing that grafted trees have wider 

stem diameters regardless of the pressure of neighbours. Size of asymmetric neighbourhoods 

shown by point size. B Relationship between the tree height and stem diameter of grafted and 

non-grafted trees showing that highly asymmetric neighbourhoods can be found over the full 

range of stem diameters. 

 

As shown in Fig. S2B, a tree of any given stem diameter can have high or low asymmetrical 

neighbourhoods, while a large proportion of non-grafted trees belong to stem diameter classes 

below 15 cm (Fig. S3). 
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