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a b s t r a c t

The chord and Hellinger distances are commonly used as measures of resemblance in ecological studies.
Both distances are bound within the range [0,O2]. We propose to scale them within the range [0,1]. The
scaling is mainly justified to report beta diversity values in the range [0,1] properly. Moreover, results for
both unscaled distances in multivariate techniques such as cluster analysis or ordinations are not directly
comparable with similar graphical displays obtained with indices bound in the range [0,1]. Although
comparability and/or interpretability of values are compromised, the used of the unscaled Hellinger and
chord distances do not void their validity in ecological studies. Nonetheless, we have found one
exception when comparing clustering models using the Gower distance criterion.
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Introduction

Measures of resemblance, which are widely used in ecology,
facilitate the analysis of multivariate data. Resemblance measures
are applied to clustering, ordination, and statistical methods used
for hypothesis testing or just for comparison between pairs of
samples (Anderson et al 2008; Legendre and Legendre 1998).
Ecological resemblance is calculated by using mathematical ex-
pressions that account for similarity or dissimilarity between sites
depending on their species composition considered as binary
(presence/absence) or abundance data (Pielou 1984).

Some analytical techniques in ecology are based on the
Euclidean distance that is mainly used in methods involving ordi-
nation such as Principal Components Analysis and Redundancy
Analysis (Legendre and Gallagher 2001). The Euclidean distance
would be a natural measure of resemblance if it would be fully
informative in terms of dissimilarity between sites. This problem
may arise when the distance between sites with no species in
common is smaller than the distance between sites sharing species.
Orlóci (1978) exemplified this paradox. Conversely, many resem-
blance measures overcome the major drawback of the Euclidean

distance by displaying their upper bound when sites do not share
any species, in contrast to the Euclidean distance which has no
upper limit (Legendre and Legendre 1998).

The chord and Hellinger distances are commonly used as mea-
sures of resemblance in ecological studies. Both distances are
bound within the range [0,O2]. These distances gained importance
after Legendre and Gallagher (2001) proposed transformation of
species data matrices for use in ordination methods based on the
Euclidean distance. Thereafter, the Hellinger and chord distances
have become more popular because they can be used in Principal
Components and Redundancy Analysis and in other multivariate
methods which optimize least-squares loss functions (such as K-
means partitioning). Legendre and Gallagher (2001) have shown
that these distances increase monotonically in value across a
simulated ecological gradient and are maximally related to spatial
distances along geographic gradients. The Hellinger and chord
distances have also good properties to be used in beta diversity
studies (Legendre and De Cáceres 2013).

The Hellinger and chord distances imply the use of vectors
(sites, defined by variables that are species) with a norm of value 1,
resulting in a maximum distance of O2. However, the values of
these two distances within the range [0,O2] do not enable direct
comparison against values of other dissimilarity measures in the
range [0,1]. Additionally, the range of the ordination or clustering
axes and some statistical multivariate parameters are also depen-
dent on the maximum value that a dissimilarity measure may take.
Preferably, resemblance measures should increase smoothly from
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some fixed minimum to a fixed maximum, as the two community
samples become more similar/dissimilar (Krebs 1999). Nonethe-
less, this maximum value may differ between resemblance mea-
sures. Yet, any variable defined within a given range may be
rescaled into the range [0,1] by the ranging method (Sneath and
Sokal 1973, see next section).

There are several examples of authors highlighting the impor-
tance of using indices to quantify diversity in the range [0,1]
(Legendre and De Cáceres 2013). The informative value of an index
in the range [0,1] is a useful criterion to choose an index for func-
tional diversity studies in accordance to Mason et al (2003) because
it facilitates an intuitive interpretation about the ecological per-
formance of communities. Szava-Kovats and Pärtel (2014) also
proposed unifying beta diversity measures by applying a logistic
transformation that relies on the standardization of beta diversity
indices in the range [0,1] to facilitate comparison of studies on
ecological gradients. Likewise, Chiu et al (2014) used an upper
bound to normalize phylogenetic beta diversity in the range [0,1] so
that it can be compared across regions with different number of
assemblages. Similarly, the aim of this article is to remind ecologists
that the Hellinger and chord distances are easily scaled within the
range [0,1]. The scaling enables direct comparison of outputs based
on the Hellinger or chord distances with those of other resem-
blance measures defined within the range [0,1] as well as facilitate
their interpretation. Thus, we compare results between the scaled
and unscaled version of these distances extended to graphical
outputs to show and persuade researchers to use the Hellinger and
chord distances in the range [0,1] if either of these resemblance
measures is decided to be used in their studies.

Materials and methods

Theory and calculation: Scaling the Hellinger and chord distances in
the range [0,1]

Ranging any quantitative variable within the range [0,1] is
reached by using the extremes of its current range (Sneath and
Sokal 1973):

x’ ¼ x�minðxÞ
maxðxÞ �minðxÞ (1)

where x’ is the ranged value of x. When the minimum value of the
variable equals zero, the previous equation is reduced to the
following simpler expression:

x’ ¼ x
maxðxÞ (2)

so that the ranging is achieved by dividing the variable by its
maximum value. Because the Hellinger and chord distances are
defined in the range [0,O2], scaling in the range [0,1] is attained by
dividing the current values by the maximum upper limit of their
range, O2. We consider this transformation a scaling because the
former ranges of the distances are just established on a new scale.

For clustering purposes, the square of the Hellinger and chord
distances may be useful, but in this case, the distances lose their
metric properties and are less appropriate for ordination purposes
(Legendre and Legendre 1998; Pielou 1984). If the square is applied
on the Hellinger and chord distances in the range [0,O2], the scaling
in the range [0,1] is now:

x’2 ¼ x2

2
(3)

where x’2 is the scaled value of x2. In this regard, the scaled semi-
metric expression of the Hellinger or chord distances used with
presenceeabsence data is equal to the one-complement expression
of the Ochiai similarity index applied to a binary data set (Legendre
and De Cáceres 2013). Conversely, one minus the scaled semimetric
expression of the Hellinger or chord distances based on presencee
absence data is equal to the Ochiai similarity.

The species composition data may be also transformed to yield
the chord and Hellinger distances in the range [0,1] by computing
the Euclidean distance on the modified data set. The Euclidean
distance (dij) between two sites (i and j) involving p species is:

dij ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXp
k¼1

�
yik � yjk

�2vuut (4)

The equations provided by Legendre and Gallagher (2001) to
transform species composition data should therefore be modified
as follows:

y’ij ¼
yijffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2
Pp

j¼1y
2
ij

q (5)

for the chord distance and,

y’ij ¼
ffiffiffiffiffiffiffi
yij
2yI

s
(6)

for the Hellinger distance, where yij represents species abundance
data, with i¼{1.n} sites and j¼{1.p} species; yI represents the
sums of species abundances per site; y’ij represents the trans-
formed value of the original abundance per species and site yij. Both
expressions are identical to those originally proposed by Legendre
and Gallagher (2001), though the denominators within the square
root are now multiplied by 2 to guarantee that the scaling is in the
range [0,1], after applying Equation (4) on the modified biotic
matrix.

Analytical approach

The “transfspecies” data set freely available in the R package
BiodiversityR (Kindt 2015) is used to show the practical conse-
quences of applying the Hellinger and chord distances in the range
[0,1]. This artificial data set which comprises abundance data for
nine species and 19 sites was created by Legendre and Gallagher
(2001). It is not an extensive species by site matrix in which spe-
cies replace each other along an artificial gradient, resembling real
case studies. All of the following calculations can be reproduced
using the vegan package (Oksanen et al 2015), based on R language
(R Core Team 2013).

The Hellinger and chord distances were obtained by applying
the Euclidean distance (function “dist”) to the transformed biotic
matrix (function “decostand” with “hell” or “norm” as arguments)
(Oksanen et al 2015). Both distances are less susceptible to the arch
effect in analysis of community gradients, and they also assign low
weighting to rare species (Legendre and Gallagher 2001). The
BrayeCurtis dissimilarity was also computed with function
“vegdist” (Oksanen et al 2015).

Clusters were formed on the distance matrices using the Ward
method (vegan’s function “hclust” with argument “ward.D2”;
Murtagh and Legendre 2014; Oksanen et al 2015) as agglomerative
method. The Gower distance and the correlation between the
original dissimilarity matrix and the cophenetic matrix were
computed to compare clustering results (Borcard et al 2011). The
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