The fundamental unity of diversity measures
Almost all diversity indices used in the sciences are functions of  
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, or limits of such functions as q approaches unity. It is easy to convert these to effective number of species by following this algorithm: calculate the diversity index for D equally-common species (each species therefore with a frequency of 1/D) , set the resulting expression equal to the actual value of the diversity index, and solve that equation for D. This value of D is the effective number of species or true diversity of the community according to the chosen diversity index.
Remarkably, no matter which of these diversity indices we start with (species richness, Shannon entropy, the exponential of Shannon entropy, Simpson concentration, inverse Simpson concentration, Gini-Simpson index, Renyi entropy, Tsallis entropy, and many others), the above algorithm for effective number of species always yields the same formula:

qD ≡ (
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These are the so-called Hill numbers (Hill 1973) of order q. This expression depends only on q, the exponent of the species frequencies in the index. (This q is what determines the sensitivity of the index to the species frequencies.) Thus, this great variety of diversity indices is all united into a single simple formula!  
This formula has all the mathematical properties expected of a true diversity. When it is  applied to S equally-common species, it gives S.  When each species of a community is divided into two equal subpopulations (say, males and females), and each subpopulation is treated as a distinct species, the value of qD for the “doubled” community is exactly double the value of qD for the original community. (This is Hill’s “doubling” property which  ensures that qD behaves intuitively in ratios.) Therefore it makes sense to call the quantity qD the “diversity of order q”. I will also use the term “effective number of species”or “numbers equivalent” because the term “diversity” means so many different things to different biologists. I would hope that someday biologists can all agree that the the word “diversity” should properly be applied only to quantities like qD which have the mathematical properties we intuitively expect of a diversity.
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