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Summary

In this chapter 'we discuss first the techniques which are traditionally adopted by
botanists for compiling species lists in areas larger than size which can completely be
censused, evidencing the limitation and the possible way to improve them. Useful tools
for improving specie lists may derive from the use of environmental information based
on geographical information systems, which can direct the new effort in searching plant
species. In the following section we discuss the different strategies for estimating and
comparing species richness through samples. These methods are classified into three
groups. The first group relies on the integrating the species abundance data to a given
distribution and estimating how many species were unsampled. In the methods
belonging to the second group, the estimated values of species richness are derived from
species accumulation curves - in which the pooled number of species is given function
of number of sample - and species area curves - in which the pooled number of species
is given function of total area sampled. The third group of methods is based on the use
of nonparametric estimators which provide an estimate of total species richness of the
investigated community based on incidence (presence/absence) or abundance (number
of individuals) values of species observed in the sample. Finally some considerations on
the use of taxon surrogacy techniques, which provide an estimate of species richness of
a given taxonomic group based on data of another taxonomic group.
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1. Introduction

The assessment of species diversity has been central to plant ecology for a long time
(Arrhenius, 1921; Gleason, 1922; Peet, 1974; Magurran, 1988). Species diversity is one
of the components of biodiversity (Wilson 1988) and, although the inventorying of
global species is far from complete, species diversity is often the most convenient
‘proxy’ for other components of biodiversity, such as genetic diversity and landscape
diversity. However, the taxonomic knowledge is unbalanced among different groups,
providing some difficulty in the assessment of species richness. Gaston & May (1992)
estimated that on average, vertebrates received 10 times more taxonomic effort than
plants and 100 times more effort than invertebrates. The situation for fungi and other
groups is likely to be even worse. Recently, growing concern about the loss of
biodiversity caused by human activities led to new challenges for the development of
powerful and affordable methods for quantifying species diversity, in order to monitor
and predict the erosion of biodiversity caused directly or indirectly by human activities.
The need to assess such changes in biodiversity has given a sense of urgency for basic
and applied research in species diversity. Since it is not possible to monitor all the
components of species diversity at broad spatial scales, its estimation by indirect
methods is receiving much current attention. However, these methods have not yet been
adequately evaluated (Colwell & Coddington, 1994).

Species diversity can be partitioned into two components: richness and evenness. The
concept of species richness is one of the oldest and most fundamental in community
ecology (Hutchinson 1959, Whittaker 1965, Peet, 1974; Magurran, 1988; Gotelli &
Colwell, 2001). Many authors have reported the significant effects of species richness
on important ecological processes such as ecosystem productivity and stability (Tilman
& Downing, 1994; Naeem et al., 1994; Loreau, 2000); this work remains controversial
(Aarsen, 1997). Complementarity is another important concept which is used to
measure distinctness or. dissimilarity between species assemblages (Colwell &
Coddington, 1994). Species richness and complementarity represent the most significant
components of biodiversity for evaluating and monitoring purposes, also in landscape
contexts (Colwell & Coddington, 1994; Gaston, 1996). Most techniques to estimate
species richness do not require any fundamental assumptions about community or
landscape structure (Colwell & Coddington, 1994), and can be used as independent
tools to assess and monitor the effects on species composition and diversity of
management practices, which are often planned on a different basis (e.g. by managing
vegetation structure according to a map of habitat types). Moreover, the maximization
of species richness represents one of the most important goals for the design of reserves
and reserve networks, and the maintenance of native species diversity is a frequent goal
of conservation. Thus, the inventory of species and the quantification of species richness
represent important steps both in pure and applied plant ecology.

In this chapter we discuss current techniques for evaluating species richness and
carrying out species lists as completely as possible. We do not address the problems
connected with measuring evenness and diversity indices. The problems involved in
inventorying species in small areas are qualitatively similar to those in large areas,
although inventories of smaller areas are more likely to be complete for a fixed amount
of effort.
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Progress in perfecting species lists and estimating species richness at the “park size”
units would be very useful because decisions on land use and conservation of
biodiversity are often made on these scales (Palmer 1991, Colwell & Coddington, 1994;
Gaston, 1996). We first discuss how species lists are traditionally compiled, with their
advantages, limitations and future promise, then we discuss different strategies for
estimating species richness (i.e. based on fitting species abundance distributions, by
extrapolating form species accumulation curves and species-area curves and by using
non parametric estimators), and finally we briefly consider the use of taxon surrogacy
techniques.

2. Species Inventorying
2.1. Traditional Collection of Species Data

The most traditional approach to inventorying the plant diversity of a given area - e.g. a
bog, a nature reserve or a province - consists of the preparation of floristic lists, also
known as floras. The term ‘flora’ has been variously defined, but here we follow
Lawrence (1951): “the inventory of all the plant species recorded for a given site”.
Floras are extremely useful as basic data, to analyze ecological processes (e.g. gradients
over countries), to evaluate the biogeographic significance of nature reserves, parks and
geographic or administrative units, to test specific hypotheses on speciation and
spreading of plant groups, and to evaluate the factors controlling species diversity. A
large amount of such data is available for many countries, often from a long time ago.
This type of information also represents an important source for analyzing and
understanding ecological processes over long periods.

Although some authors have tried to provide some standards for the writing of a flora
(e.g. Palmer et al., 1995), there is no general consensus on the rules to be followed. A
floristic inventory may be circumscribed to some taxonomic groups of plants (e.g.
phanerogams or bryophytes), as well as to artificial groups (e.g. tree species or
medicinal plants) and may contain different types of information. Some authors prefer
to limit the term “flora” only to comprehensive works that include species descriptions
and identification keys for large regions, differentiating them from less comprehensive
species lists of smaller regions named checklists, species inventories or species lists.

Floristic lists are normally compiled by subjectively searching for and collecting plants,
trying to obtain a list of species as complete as possible. Usually, the searching strategy
simply follows the "botanic internal algorithm"”, which consists of a combination of
ability, experience, expertise and intuition (Palmer et al., 2002). This strategy of plant
collection consists of visiting unusual habitats, edges between vegetation types,
geomorphic or geologic anomalies, which can lead to the finding of many rare or
infrequent species, and thus to a rich list of species. The resulting floras are extremely
variable in the amount and the quality of the data provided, depending on the abilities
and expertise of the botanists as well as on the time invested.

2.2. Methods for Perfecting Species Lists
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Even though it may be impossible to assess the completeness of a flora, quantitative
methods coupling floristic data with geographic information systems (GIS) can assist a
botanist in completing species lists (Palmer et al., 2002). For example, a GIS derived
from ecologically meaningful data layers (e.g. topography, land use, soil type,
vegetation type, remote imagery) can produce maps of ‘environmental unusualness’ that
would guide the botanist to interesting habitats. Other useful maps may indicate regions
that are most dissimilar to already studied regions.

The measure of unusualness may be an intrinsic property of the points included into the
study area (given the average condition of the area) as well as relative to the
environments which have been already explored from a floristic point of view.

Regression models can produce maps of predicted species richness, based on variables
that have been found to be correlated to species richness, and hence alert the botanist to
potential biodiversity “hotspots”. Similar models can point out regions that have been
largely understudied. Ideally, the methods described above can be employed in an
iterative manner: e.g. as an area becomes better understood, the maps of predicted new
records and biodiversity hotspots will become perfected.

3. Estimating and Comparing Species Richness through Samples

The complete listing of species is a rather difficult, if not impossible, task even for well
known groups such as vascular plants. Complete field surveys are impossible for large
areas. When compiling a flora, many botanists apply a personal evaluation, based on
their experience, to perceive when they have to stop plant collection since "there are
not” (or perhaps "there should not be") additional species to be found, or that the
perceived payoff in "new species™ is not worth the additional effort. For larger areas,
like nature reserves, provinces or states, it is unlikely that we will ever obtain complete
lists of species, because botanists cannot explore every square centimeter of the regions
searching for the "missing™ species (Palmer, 1995; Gaston, 1996; Palmer et al., 2002).
Moreover, the species present within a site change through time (e.g. McCollin et al.,
2000), and the species-time relationships over ecological time have only seldom taken
into account (Gaston, 1996). The amount of time needed for collecting specimens to
perform "complete lists" of large regions increases the possibility of including a part of
this temporal change, inducing a high risk of taking a "blurred photograph” of the
species assemblage. In addition, it is almost impossible to evaluate the completeness of
species lists (Palmer, 1995; Gaston, 1996), since quantitative tools to assess subjective
factors (such as botanical expertise and effort) are not easy to use.

It is clear that if we are interested in evaluating and monitoring species richness, in a
site larger than several thousand square meters, we need to approach the problem by
statistical sampling and not by complete survey (Colwell & Coddington, 1994). In
addition, if monitoring programs are implemented, it is important to develop powerful
methods to estimate species richness objectively with a limited number of samples, and
to develop tools to statistically compare samples in different regions or times.

Different methods have been proposed for estimating the number of species from
sampling data, mostly belonging to three distinct classes of approach (Palmer, 1990;
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Colwell & Coddington, 1994; Palmer, 1995): the first class estimates the number of
species based on fitting species abundance data to a known parametric distribution; the
second class lies on extrapolation of species richness from species-accumulation
functions; the third group approaches the problem by nonparametric estimators based on
incidence data (presence/absence) or abundance data. A fourth approach relies on the
uses of taxon surrogacy or indicator groups, i.e. the use of one, or more than one,
taxonomic group for estimating the number in another group.

3.1. Fitting Species Abundance Distributions

This group of methods for estimating species richness is based on the assumption that
the number of species is related to the species abundance distribution, a topic that has a
deep history in ecological theory (Preston 1948, May 1988, Rosenzweig 1995, Hubbell
2000). If it is possible to characterize the abundance distribution based on a limited
number of parameters, then it should be possible to estimate the total number of species
(Preston, 1948; Pielou, 1975; Miller & Wiegert, 1989). The distributions most
commonly used in ecology are the log-series (Williams, 1964), lognormal (Preston,
1948; Sugihara, 1980), and Poisson lognormal (Bulmer, 1974). For fitting species
abundance models to parametric distributions, species abundance should be sampled in
a manner consistent with the theory. The matching of a model with data is not a trivial
issue, as ecologists measure abundance in many different ways (e.g. density, biomass,
cover and frequency; see e.g. Moore & Chapman, 1986) each with a potentially
different abundance distribution. Typically, the number of individuals (i.e. density) is
considered the appropriate measure of species abundance for calculating abundance
distribution. However, this is infeasible in most plant communities, since the clonal
nature of many plants makes the identification of “individuals’ difficult. The distinction
between genetic individuals (genets) and physiological individuals (ramets) can be
arbitrary, given the frequency of vegetative propagules, apomixis, and somatic mutation
in plants. Some authors (e.g. Palmer, 1990) used species cover as measure of species
abundance for calculating abundance distribution, but a sound theoretical basis for
connecting species cover or other measures to the density is still missing (but see
Mouillot et al. 2001 for a promising approach). Other authors (e.g. Zobel & Liira, 1997)
have used ramet (shoot) density for standardizing species richness samples instead using
physiological individuals.

Some authors have suggested that the integration of the lognormal distribution of
species abundances is a powerful method for estimating species richness (Preston, 1948;
Slocomb & Dixon, 1978, Miller & Wiegert, 1989). The "canonical” log-normal
distribution of species abundance was introduced by Preston (1948; 1962) and it is
usually written in the form:

S(R) = S e (@R’

where species abundances are transformed on a log, basis and the resulting classes are
termed octaves. S(R) is the number of species in the R™ octave to the right and left of the
modal octave; Sy is the number of species in that modal octave, and a is the inverse
width of the distribution [a= 1/(20%)*?]. The parameter a represents a measure of the
equitability of species abundance in the community, being known to be about 0.2 in
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natural communities (Preston, 1962, Sugihara, 1980; Baltanas, 1992). This parameter
usually shows a decrease with the increase of individuals sampled (Preston, 1962).

Once the distributions parameters (Soct and a) are known, the total number of species
expected on the basis of the assumptions of this model can be calculated by:

Figure 1 shows the canonical distribution of species abundance as reported by Preston
(1962), with the coefficient a =0.200, the modal frequency S = 20 species and the
standard deviation o= 3.53 octaves.

Number of species per octave

0

109-8-76-54-3-2-101234567 82910
Scale of octaves "R’

Figure 1. Canonical distribution of species abundance in a community of 178 species
(theoretical not empirical) as originally reported the Preston (1948). For this number of
species the coefficient a =0.200 and the standard deviation o is 3.53 octaves; the modal
frequency is Soct = 20 species.

Of course, the distribution is normally obtained by a finite sample, and the less abundant
species are usually missing from it. The resulting distribution is said to be truncated on
the left side and it is necessary to integrate a Gaussian curve to estimate how many
species were unsampled on the left tail. This method, as well as all the other
distribution-fitting methods, is based on the strict assumption that the number of species
is a function of parametric distribution of species abundance (true lognormal in this
case). The observed abundance values of each species are then fitted to this theoretical
model of expected frequency for each abundance class.

Slocomb & Dixon (1978) found that that lognormal method might provide unreliable
estimates of species richness unless the sample size is very high and the number of
species in the sample is more than 80% of the total number of species in the whole
community. In a simulation, Baltanas (1992) observed that the estimation based on the
Cohen (1959; 1961) method, i.e. a maximum likelihood method for fitting lognormal
distribution, achieved the best precision with respect to other nonparametric estimators
and extrapolation for species-area curves (discussed later). However, it should be
remarked that this author evaluated these methods based on simulated abundances
derived from the lognormal distribution. Thus, the lognormal method is predisposed to
work well with such artificial data, perhaps in contrast to real data that may
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substantially diverge from typical lognormal distributions. In fact, although some
studies have found that the values observed in nature for species abundance distribution
were rather consistent with the lognormal distribution (e.g. Schmit et al., 1991 for
fungi), the consistency between species abundance and the lognormal distribution is not
necessarily true, making somehow inconsistent the estimation of species richness by
using this approach. Hubbell (2000) presents some theoretical arguments that real
abundance distributions will have a substantially fatter left tail than the lognormal
distribution, and hence methods based on integrating the lognormal curve will
underestimate the true richness.
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