
fined β-diversity as the amount of turnover in species
composition from one location to another. In this
sense, β-diversity is essentially the same as MacArthur’s
(1965) between habitat diversity.

In the ecological literature, the most widely used
diversity indices are species richness (i.e., the number
of species present in a given community sample) and

Computing β-diversity from species-area curves

Carlo Ricotta1,* Maria Laura Carranza2, Giancarlo Avena1

1Department of Plant Biology, University of Rome “La Sapienza”, Rome, Italy
2Faculty of Mathematics, Physics and Natural Sciences, University of Molise, Isernia, Italy

Received April 4, 2001 · Accepted July 25, 2001

Abstract

A measure of β-diversity is proposed for equal-sized presence-absence vegetation sample plots. The
method begins by computing the minimum variance unbiased estimator of the expected species
richness E[Sn] as a function of sample size n for a set of N plots. Using a semilogarithmic relation,
β-diversity is then determined from the slope of the best fitting line of the E[Sn] vs. log n plot.
β-diversity is thus interpretable as the linear relation between expected species richness and log sam-
ple size. The method is illustrated using 15 square plots of 100 m2 each from a Matorral community
in the Arid Chaco of central Argentina. Further, some analogies between the proposed method and
Whittaker’s multiplicative model of β-diversity are discussed.

Ein Maß für die β-Diversität wird vorgeschlagen, das für „presence-absence“-Vegetationsaufnah-
men auf gleichdimensionierten Probeflächen gilt. Nach der Methode wird zuerst der „minimum
variance unbiased estimator“ des erwarteten Artenreichtums als eine Funktion der Probengröße n
für eine Anzahl von N Flächen berechnet. Unter Verwendung der semilogarithmischen Beziehung
wird die β-Diversität über die „best-fit“-Steigung des Graphen E[Sn] vs. log n bestimmt. Die β-Diver-
sität kann damit als die lineare Abhängigkeit des Artenreichtums von der logarithmierten Proben-
größe interpretiert werden. Die Methode wird anhand von 15 Probequadraten von jeweils 100 m2

aus der Matorall-Lebensgemeinschaft des ariden Chaco Zentralargentiniens erläutert. Zudem
werden einige Analogien zwischen der vorgeschlagenen Methode und Whittakers multiplikativen
Modell der β-Diversität diskutiert.
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Introduction

Measures of biological diversity have been one of the
cornerstones of ecological research. Whittaker (1960,
1972) defined α-diversity as the species diversity within
community sample plots and γ-diversity as the total
species diversity in a set of sample plots. He also de-



within a vegetation sample using a non-parametric
density estimator based on kernel smoothing (for
mathematical details, see Tóthmérész 1998).

In this paper, we propose to compute β-diversity as
the slope of a linearized species-area curve obtained by
sequentially adding equal-sized plots. Further, we
shortly discuss some analogies between species-area
curves and Whittaker’s multiplicative model of β-di-
versity. The method is illustrated using 15 square plots
of 100 m2 each from a Matorral community in the
Arid Chaco of central Argentina.

Methodology

The rule that one finds more species sampling a larger
area has more evidence to support it that any other
about species diversity (Rosenzweig 1995). Species-
area curves plot the number of species sampled as a
function of sample size (Palmer 1990). One of these
curves is constructed by plotting the number of species
Sn present when n sample plots are drawn at random
from a sample of N equal-sized plots as a function of
the cumulative area sampled. An important property
of this curve is that a minimum variance unbiased esti-
mator for the expected number of species E[Sn] is
known (Kobayashi 1974, Engen 1976). Out of the n!
ways to randomly aggregate n equal-sized sample
plots, the minimum variance estimator of the expected
number of species is:

;                  (3)

where Ni is the number of sample plots out of N total
sample plots that contain species i (Johnson & Patil
1995). It is easily demonstrated that for a small sample
size, the contribution of rare species to E[Sn] is low.
Conversely, for n = N, E[Sn] equals SN. Notice that
Equation (3) is also used for the calculation of species-
individuals diversity curves. In this case, n and N rep-
resent the number of individuals and the population
size, respectively (Smith & Grassle 1977, Magurran
1988).

As an application for demonstration, we construct-
ed a species-area curve using data on 15 plots from a
Larrea cuneifolia and Geoffroea decorticans Matorral
community in the Arid Chaco of central Argentina.
The Arid Chaco occupies the southwestern extreme of
the Chaco phytogeographic province (central Argenti-
na) and extends through inter-mountain basins (local-
ly known as bolsones) at elevations between 150 to
300 m above sea level. Annual precipitation is approx-
imately 400 mm, with a maximum during summer.

those computed from species relative abundances,
such as Shannon’s entropy (Shannon 1948) and Simp-
son’s index (Simpson 1949). Wilson & Mohler (1983)
and Tóthmérész (1998) address the problem of com-
puting β-diversity with data on species relative abun-
dances. However, with all the shortcomings of diversi-
ty indices, the least controversial way to quantify β-di-
versity is to use measures suitable for presence and ab-
sence data (Wilson & Shmida 1984, Johnson & Patil
1995, Tóthmérész 1998).

One common approach to β-diversity is to look at
the degree to which species compositions of sample
plots differ. Whittaker (1960) proposed to measure the
degree to which habitats are partitioned among species
by a multiplicative model so that β-diversity can be ex-
pressed as the ratio between γ-diversity and average α-
diversity within the set of sample plots:

βw = SN / ᾱ – 1; (1)

where βW is Wittaker’s index of β-diversity, SN is the
total number of species recorded within the set of N
sample plots, and ᾱ is average species richness in the
sample plots. Notice that in this paper we will use the
terms sample, sample plot and sample size in the sta-
tistical sense. From a statistical viewpoint, sample size
refers to the number of sample plots, and sample will
refer to the full set of such plots, whereas in the eco-
logical literature a sample is commonly understood as
a single sampling unit, and this is a common source of
confusion (Podani et al. 1993).

Another way of viewing β-diversity is to look at
how species diversity changes along an environmental
gradient. Within this context, Wilson & Shmida
(1984) proposed an index of β-diversity explicitly de-
veloped for quantifying the degree of species turnover
along a transect that simply adds the number of new
species encountered along the transect to the number
of species that are lost over the same transect. The re-
sult is then standardized by average sample plot rich-
ness to render it independent from α-diversity:

βT = [g (H) + l (H)] / 2ᾱ ; (2)

where g(H) is the number of species gained (i.e., newly
encountered) along the habitat transect H, and l(H) is
the number of species lost along H. Notice that if the
separation between α-diversity and β-diversity is in-
complete, so that β-diversity is affected by species rich-
ness, then differences in β-diversity values could reflect
differences in the species count rather than any funda-
mental difference in the amount of species turnover
within the sample.

Nevertheless, β-diversity may be also characterized
by more sophisticated methods. For example, Tóth-
mérész (1998) suggests measuring β-diversity by esti-
mating the distribution of plot-to-plot dissimilarities
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Mean annual air temperature is approximately 18 °C.
The Larrea cuneifolia and Geoffroea decorticans Ma-
torral represents a discontinuous transitional forma-
tion mainly dominated by xerophylous nanophanero-
phytes. The characteristic species are Larrea cunei-
folia, Geoffroea decorticans and Mimozyganthus cari-
natus with scattered individuals of Aspidosperma que-
bracho-blanco (Cabido et al. 1994).

Using presence-absence data, the species richness of
the Larrea cuneifolia and Geoffroea decorticans Ma-
torral was enumerated in 15 equal-sized 10 m × 10 m
plots (see Cabido et al. 1994, p. 448). Next, the ex-
pected species richness E[Sn] was computed for cumu-
lative sample sizes n ranging from 1 to 15.

Discussion

In plant surveys, species-area curves can be generally
linearized using the classical semilogarithmic model
proposed by Gleason (1922):

; (4)

where h and k are sample-specific constants that rep-
resent the slope and the y-intercept of the linearized
semilogarithmic function, respectively (Rosenzweig
1995). In particular, the slope h measures the (linear)
rate of accumulation in species richness as a function
of sample size, thus representing an adequate mea-
sure of plot-to-plot species dissimilarity or β-diversi-
ty. The fewer species that sample plots share, the
higher the β-diversity (i.e., the slope of the linearized
species-area curve) will be (Magurran 1988). Other
candidate models for linearizing species-area curves
include the Arrhenius (1923) model, where the loga-
rithm of E[Sn] is proportional to the logarithm of
sample size, and the model proposed by Lauga &
Joachim (1987) in which species-area curves are best
represented by a Monod function with an horizontal
asymptote.

For our specific example, using natural logarithms,
the resulting species-area accumulation curve obtained
from the 15 sample plots of the Arid Chaco Matorral
proves linear in the semilogarithmic space with a slope
of the best-fitting line h = 15.557 (Fig. 1).

Notice that, for n = 1, E[S1] is the expected number
of species of one sample plot that is drawn at random
among the set of sample plots. Therefore, E[S1] is con-
ceptually close to the term ᾱ that represents α-diversi-
ty in Equations (1) and (2). Similarly, if all sample
plots are included in the calculation of E[Sn], the result
is total species richness SN, also defined as γ-diversity.
Therefore, in analogy to Whittaker’s multiplicative
model that explicitly relates the α and β components
of diversity to overall γ-diversity, species accumulation
curves represent a graphical model that connects α-di-
versity to γ-diversity in the species richness-sample size
space. In this view, the slope of the linearized species-
area curve adequately summarizes plot-to-plot species
dissimilarity expressed as the (linear) dependence of
expected species richness on log sample size.

Regarding index properties, personal communica-
tions with colleagues have elicited the hypothesis that,
unlike many of the existing β-diversity indices, the
method of computing β-diversity from the slope of
species-area curves seems to be rather independent of
the sample size. In addition, jackknifed estimates of
the slope of species-area curves (Efron 1982) might
provide information about the contribution of single
plots to β-diversity. For instance, an index such as (β–1

– β)/sd[β–1], where β–1 is the slope of the species-area
curve with a given plot removed, β is the slope using
all plots, and sd[β–1] is the standard deviation of the
jackknifed estimates, might provide a measure of each
plot’s relative contribution to β-diversity that could be
correlated with relevant environmental variables.

Finally, despite the fact that species-area curves
have been proposed by a number of authors to quanti-
fy habitat heterogeneity (Williams 1964, Whittaker et
al. 1979) and β-diversity (Connor & McCoy 1979),
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Fig. 1. Scatterplot of expected species richness
E[Sn] vs. cumulative sample size n for the 15 plots of
the Larrea cuneifolia and Geoffroea decorticans
Matorral.
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the suggested measure should not be accepted without
criticism. For instance, Wilson & Shmida (1984) note
that it is both difficult statistically and inappropriate
ecologically to select among competing mathematical
models for representation of species-area curves.
However, we suspect that this concern originates from
the confusion between the mathematical formulation
of β-diversity and its ecological meaning.

As ecological data are usually multivariate, there is
a need for summarization. However, from a statistical
viewpoint, condensing a large data set into one single
index will always result in a loss of information, and
there is no ideal summary statistics capable of unique-
ly characterizing all aspects of plot-to-plot species dis-
similarity. Further, it is again worth noting that diver-
sity as an unequivocal and inherent property of a bio-
logical system does not exist. Instead, as it is the case
with any other statistics, such as the mean or the stan-
dard deviation, diversity values are merely numbers
and their relevance to ecological problems must be
judged on the basis of observed correlations with
other environmental variables (Molinari 1989). This
observation has led to the well-known comments by
Hurlbert (1971) on the “nonconcept of species diversi-
ty” and by Poole (1974) that diversity measures are
“answers to which questions have not yet been
found”. Nevertheless, despite this undue pessimism,
we agree with Magurran (1988) that “diversity mea-
sures are valuable, but are only a means to an end.
That end is that ecologists should be able to ask the
questions and formulate the hypotheses to help them
understand, and sensibly manage, the natural world”.
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