
Introduction

The search for patterns in the species composition

across ecological communities and for the processes that

cause these patterns is a central goal of ecology. Because

of the positive relationship between the taxonomic relat-

edness of two species and their ecological similarity, the

analysis of the community taxonomic structure should

provide insight into the processes that regulate species co-

existence and diversity (Webb 2000, Enquist et al. 2002).

In this framework, species-to-genus (S/G) ratios and

similar taxonomic ratios have been repeatedly used and

abused in ecology and biogeography to summarize taxo-

nomic diversity of a given region and to infer levels of

competitive interactions among species (reviews in Sim-

berloff 1970, Järvinen 1982, Gotelli and Colwell 2001).

For instance, a community in which most species belong

to the same genus is intuitively less diverse than another

community with a similar number of species distributed

more evenly between genera.

The problem is that any subtaxon/taxon ratio is sam-

ple-size dependent (Gotelli and Colwell 2001). For in-

stance, as larger areas are inspected, more species will be

recorded. This increase in species number with area is

often referred to as one of the few laws of ecology

(Schoener 1976, Rosenzweig 1995). The resulting spe-

cies-area curves can be generally represented using the

classical power-law model proposed by Arrhenius (1923,

but see Tjørve 2003):

S = cA
�

(1)

where S is the number of species in a taxonomic group

within area A, and c and z are positive constants.

Using equation (1), most species-area curves become

approximately linear in double-log space. The power-law

of equation (1) can be fitted to an immense amount of data

on plant and animal diversity. Although Rosenzweig

(2003) notes that the power equation is merely a good fit

rather than an exact mathematical model of the species-

area curve, such a general pattern is important not only for

fundamental aspects of ecological theory but also for eco-

logical applications such as the selection of reserves (e.g.,

Howard et al. 1998), and the estimation of species rich-

ness and diversity (e.g., Palmer 1990). In particular, the

exponent z measures the rate of accumulation in species

richness as a function of area, thus representing an ade-

quate measure of plot-to-plot species dissimilarity or β-

diversity (Veech et al. 2002).

The same pattern, of course, is generally true for

higher taxonomic ranks, such as genera or families, albeit

with smaller exponents (Enquist et al., 2002). Therefore,

owing to the different exponents, subtaxon/taxon ratios

are an increasing function of area. For instance, if S ∝ A
�

and T ∝ A
�
, then S/T ∝ A

���
, where S = species richness, T

= higher-taxon richness and z-y ≥ 0 for z ≥ y.

As emphasized by Gotelli and Colwell (2001), this

monotonic behavior is inevitable for any two taxonomic
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ranks since the higher taxonomic rank inevitably has

fewer members than the lower taxonomic rank.

Sample size dependence in taxonomic ratios was first

demonstrated for plant communities by Maillefer (1929),

who used draws of species from a deck of shuffled cards

to compute the expected generic richness in small com-

munities. Pólya (1930) analytically derived the mathe-

matical expectation of the G/S ratio and proved its sample

size dependence.

In this short paper, we suggest that the observed sam-

ple size dependence of subtaxon/taxon ratios should not

be a cause for undue pessimism. To the contrary, it may

be conveniently used for computing a scale-free measure

of taxonomic diversity that summarizes the rate of accu-

mulation in taxon richness as a function of subtaxon

counts.

Methodology

Taxon-area curves plot species counts or higher taxon

counts as a function of the area sampled. Among the dif-

ferent ways for constructing taxon-area curves (Scheiner

2003), one appropriate method consists in plotting the

number of taxa T� present when n equal-sized plots are

drawn at random from a sample of N plots as a function

of cumulative area A (Palmer 1990, Gotelli and Colwell

2001).

An important property of this curve is that a minimum

variance unbiased estimator for the expected number of

taxa E[T�] is known (Kobayashi 1974, Engen 1976). If we

randomly combine n equal-sized sample plots, then the

minimum variance estimator of the expected number of

taxa is:

(2)

where N� is the number of sample plots that contain spe-

cies i. Obviously, for small n, the contribution of rare taxa

to E[T�] is low. Conversely, for n = N, E[T�] equals total

taxon richness T�.

By combining the results of two taxon-area curves

computed for different taxonomic levels into one taxon-

subtaxon curve, a scale-free index of taxonomic diversity

can be obtained that quantifies the rate at which taxon

richness increases with increasing subtaxon counts.

As an illustrative example, we used data from a

ruderal community sampled in the archaeological site of

Mount Testaccio, Rome. Mount Testaccio is an artificial

hill nearly 50 m high in the southeastern area of Rome,

constituted by the accumulation of millions of ancient Ro-

man amphora piled up during the centuries. The shallow

soils on top of the hill host a xerophytic prairie mainly

dominated by Sinapis alba L. and Mercurialis annua L.

(Pavesi and Leporatti 1998).

In spring 2002, 16 circular plots of 1 m radius were

selected randomly to sample the vegetation that colonizes

the archaeological site. Within each plot, the presence/ab-

sence of all seed species was recorded. Next, using the

taxonomic hierarchy of Cronquist (1988), we computed
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Figure 1. Taxon-area curve showing the expected species richness E[S�] vs. cumulative sample size for the 16 plots of

Mount Testaccio in double-log space.
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the expected species richness E[S�] and the related ex-

pected family richness E[F�] for cumulative sample sizes

n ranging from 1 to 16. The resulting taxon-area curves

are shown in double-log space in Figures 1 and 2, respec-

tively.

Among the possible higher-taxon categories, we se-

lected the family level because, as a generality, the reduc-

tion from species to family data has a sensible effect on

the taxonomic grouping of individuals without “over-

smoothing” the taxonomic information (Dale 1998).

Finally, combining the taxon-area curves of Figures 1

and 2, we derived a taxon-subtaxon curve E[F�] ∝ E[S�]
�

in which expected family richness E[F�] is plotted against

the corresponding expected species richness E[S�].

Discussion

As shown in Fig. 3, the taxon-subtaxon curve for our

example proves linear in double-log space with a positive

slope of w = 0.804 for the best fitting line. For instance, if

E[S�] ∝ A
�

and E[F�] ∝ A
�
, then E[F�] ∝ E[S�]

�
, where

w = y/z.

As previously mentioned, the slope of the double-log

plot of Fig. 3 measures the rate of accumulation in family

richness as a function of species counts, thus representing
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Figure 2. Taxon-area curve showing the expected family richness E[F�] vs. cumulative sample size for the 16 plots of

Mount Testaccio in double-log space.

Figure 3. Taxon-subtaxon curve showing the expected family richness E[F�] vs. the expected species richness E[S�] for the

16 plots of Mount Testaccio in double-log space.
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an adequate scale-free measure of taxonomic diversity.

Higher values indicate that the species are distributed

among a higher number of families, whereas lower values

imply a lower rate of accumulation in family richness as

a function of species counts. For instance, since the higher

rank of any taxon-subtaxon curve necessarily has fewer

members than the lower rank, the (positive) slope of the

double-log plot is inevitably ≤ 1 where equality holds for

the unrealistic case of 100% monobasic taxa in which

each species belongs to a different family (i.e., in which

each taxon has only one subtaxon). This hypothetical case

represents the highest possible taxonomic diversity of a

given community or region. To the contrary, if all species

sampled belong to the same family, the slope of the cor-

responding double-log plot equals zero.

Hence, taxon-subtaxon curves represent a scale-inde-

pendent tool for detecting the taxonomic structure of eco-

logical communities (see Järvinen 1982, Gotelli and Col-

well 2001). Besides, the observation that the slope of the

linearized taxon-subtaxon curve can assume a limited

range of values gives rise to a possible interpretation of

such curves within the context of fractal geometry (see

Mandelbrot 1982).

Regarding index properties, jackknifed estimates of

the slope of taxon-subtaxon curves (Efron 1982) might

provide information about the contribution of single plots

to taxonomic diversity. For instance, an index such as

(w��� - w�)/sd[w���], where w��� is the slope of the taxon-

subtaxon curve with a given plot removed, w� is the slope

using all plots, and sd[w���] is the standard deviation of

the jackknifed estimates, might provide a measure of each

plot’s relative contribution to taxonomic diversity that

could be correlated with relevant environmental vari-

ables.

Finally, notice that, although our illustrative example

was focused on a very specific way for generating taxon-

area curves (Scheiner 2003), as a generality, the construc-

tion of taxon-subtaxon curves does not depend on how the

underlying taxon-area curves are constructed. Also, the

use of the ratios as a metric is in principle not constrained

to the log-log space. To the contrary, any two taxon-area

curves computed for different taxonomic levels can be

combined into one taxon-subtaxon curve provided that

both curves have a similar shape and that the underlying

fitting function can be transformed into a straight line.
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