Appendix 1:

The overlap index and relation with the Sørensen coefficient
The Sørensen coefficient has been used to measure the similarity of species composition between to populations (Looman & Campbell, 1960), to quantify β-diversity (Koleff et al., 2003) or to analyse the similarity between the niches of two different species (Ahmadzadeh et al., 2016). This index is also known as Dice’s index, or coincidence index, and was originally used to measure the ecological association between species (Dice, 1945). It is often expressed with the unique components of each sample and the intersection:
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where b and c are the number of species unique to each sample and a the number of species common to both samples, or the intersection (Fig. 1; Koleff et al. 2003).


The Sørensen index ranges between zero, lack of resemblance between samples, and one, the maximum possible overlap. 
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The extension of the Sørensen index to the hypervolumes analysis of two species is straightforward. Hypervolumes characterize the n-dimensional niche of a species (Blonder et al., 2014). If two species share a partially common niche, it is expected that the hypervolumes niches’ intersect. The relation between unique components and intersection hypervolumes can be analysed then with the Sørensen index  (Ahmadzadeh et al., 2016). However, the maximum overlap 
Figure 1. Species distribution across two sites X and Y. The site X has a unique component c that represents the species present only in this site. The unique component of Y is b. Both sites intersect at a that represent the list of species that are common to both sites.
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Figure 2. Examples for different niche overlap and size and its effects on Sørensen and overlap indices. The top three examples (a, b and c) show different overlaps between niches of the same size, and bottom examples (d, e and f) between niches of different sizes.
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overlap can only be achieved if the the hypervolume size of both species is the same (Fig. 2 a-c). More frequently, the niches will have different sizes, and the maximum overlap will be the size of the smallest niche, failing to reach K = 1. In this case, the maximum possible intersection that can be measured is the size of the smaller niche (Fig. 2 d-f). This is the case when one species niche totally contains the other. In this situation, the maximum limit of Sørensen index can be measured as:

where min((c + a), (b + a)) is the size of the smaller niche.


The Kmax may be used to scale the observed index, Kobs , to 1, even in the presence of two niches that differ greatly in size:
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The overlap index OI will range from zero if there is no overlap to one if there is total overlap, even in the case of one niche containing a smaller one (Fig. 2f). Scaling the Sørensen index results in the ratio of the intersection size, a, to the size of the smaller niche. The OI quantifies the trend of a smaller niche to be contained by the other niche, being one if it is fully contained (Fig. 2c, f), and it is equivalent to Sørensen index in the special case of two niches of the same size.
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