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Martin and Rey (2000) agreed on the usefulness of the Shannon entropy
(Shannon and Weaver, 1948) as a valuable index of diversity, which had been
suggested in previous papers (Ibafiez et al., 1995a; Ibafiez et al., 1998). Their
experience comes from its use as an “entropy dimension” for fractal characteri-
sation of soil particle-size distribution (Martin and Taguas, 1998; Taguas et al.,
1999). We should like to make some further points on this matter.

1. Biodiversity—area relationships and the controversy over distribution
models

The area—species relationship (MacArthur and Wilson, 1967) has largely
been corroborated by empirical data. A similar relationship has also been
recognised in pedodiversity analyses (Ibafiez et al., 1990, 1995a,b; Yaalon,
1998; Phillips, 1999). In both cases, this relationship could be conformed to
power laws (log series) (Ibafiez and Carrera, 1999). Since power laws are the
only decreasing monotonic functions that do not vary with the changes of scale
(scaling laws), many scientists are studying their relationships with fractals (e.g.
Turcotte, 1992; Hastings and Sugihara, 1993).



In several disciplines (e.g., biotaxonomy, biosystematics, ecology, human
geography, pedology, fractal analysis), many data sets fit well simultaneously
into several distribution models (e.g. May, 1975; Magurran 1988; Korvin, 1992;
Minelli, 1993; Ibafiez and Carrera, 1999). There is a strong controversy arising
from the simultaneous fits of the same data sets to both lognormal and power
law distribution (Magurran, 1988; Korvin, 1992; Solé and Manrubia, 1996).

Basically, the origin of this problem is due to statistical procedures and
sampling methods. Much of the criticisin on the goodness-of-fit tests arises from
the failure to provide a clear distinction between competing distribution models
(Magurran, 1988; Korvin, 1992; Turcotte, 1992). @n the other hand, the
impossibility of embracing all taxonomic diversity in any sampling scheme,
restricted in space and in time, gives rise to many “rare” or infrequent taxa not
being gathered or identified. In consequence, the figures of diversit;, indices, as
well as the fits to different distribution models, could be biased (Preston, 1948;
Taylor, 1978; Magurran, 1988). Several studies provide strong support for the
adoption of power laws instead of lognormal distributions in these frequent
situations (Taylor, 1978; Hughes, 1986; Korvin, 1992). What we actually
observe to a large extent depends on the way of sampling and conceptual
assumptions (Ibafiez and Carrera, 1999).

2. Diversity, power laws and fractals

Assuming the above observations, is not surprising that the a-statistics of the
logarithmic series and the A-statistics of the lognormal have also been used as
diversity indices (Magurran, 1988). The a-statistics discriminate better than
A-statistics (Southwood, 1976; Taylor, 1978). Together with the Shannon index,
the former are often estimated (Magurran, 1988). Since the a-statistics proves to
be the exponent of its corresponding power law, its relation with the fractal
dimension is more or less clear. For some experts in fractals, the detection of
power laws (which, as we have seen, is not trivial) is a clear proof of the
existence of fractal structures (Turcotte, 1992). If this is so, the estimates of
diversity, via «a-statistics (when the data sets conforms to log series) would seem
to reflect underlying fractal properties.

The most important fractal dimensions are the Kolmogorov capacity D,, the
Hausdorff dimension Dy, the correlation dimension D, . and the information
dimension D; (see Korvin, 1992). Information entropies have been also used in
soil science to parametrize fractal distributions (e.g., Martin and Taguas, 1998).
For example, D; measures how many bits of information are needed to specify a
point of the fractal with a given accuracy. Thus, D; measures the increasing rate
of the information entropy (via Shannon formula) when the accuracy (scale) at
which it has been evaluated increases (see Korvin, 1992; Martin and Taguas,
1998).



3. Fractals, statistical and thermodynamic relationships

Pastor-Satorras and Wagensberg (1996,1998), among others, use the Principle
of Maximum Entropy (MaxEnt Principle) for the study of fractal sets. This
Principle states that: “The least biased and most likely probability assigmnent
(the structural distribution p( X)) is that which maximises the total entropy
subject to the constraints imposed on the system” (Jaynes, 1957). The total
entropy could be estimated via the Shannon formula. Besides the trivial normali-
sation condition of equiprobability: E= H/H__ =1 (see Ibanez et al., 1995a,b,
1998), the additional constraints imposed on the system (the global effects of the
physical laws involved) may be mathematically solved. Thus, the MaxEnt
Principle allows a novel statistical characterisation of fractal objects and dimen-
sions (Pastor-Satorras and Wagensberg, 1996, 1998).

4. From pedodiversity to pedocomplexity indices

Can the Shannon index be used as a measurement of complexit;? The answer
is no despite the fact that this comparison has been done frequently (Solé and
Manrubia, 1996). If richness offers a measurement of the number of different
objects of a given system, diversity estimates the distribution of structural
probabilities. However, none of the two provides the way in which different
parts of the system are related to each other, i.e., their “connectance”. There is
an empirical negative relation (power law) between diversity and connectance
(Pimm, 1982; May, 1983). Thus, as the number of different objects in a system
increases, it becomes necessary that the relation between the objects be less rigid
(Margalef and Gutiérrez, 1983). A measurement should be introduced that
accounts for the degree of interaction between its parts in order to describe the
complexity of a system. For some authors (Li, 1990; Solé and Manrubia, 1996),
the best candidate for estimating a system’s complexity would be an algorithin
accounting for the mutual information of its elements. In its simplest form, for
two variables, X and YV, the mutual information or joint entropy, i.e., that
associated with their respective probabilities A and B is:

I(xy)=-2 2P Az‘ij)log[P( Aiij)]
5= 5=
where P(A,, B) is the joint probability of the pair of variables, or the
information provided on X by Y (see Solé and Manrubia, 1996 and references
therein). In short, the interrelationships between diversities, entropies and frac-
tals appear to be a fruitful line for future soil research.
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