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Accurate delineation of
biogeographical regions
depends on the use of an
appropriate distance measure

ABSTRACT

The use of analytical techniques to

delineate biogeographical regions is

becoming increasingly popular. One

recent example, Heikinheimo et al. (Jour-

nal of Biogeography, 2007, 34, 1053–1064),

applied the k-means clustering algorithm to

define the biogeography of the European

land mammal fauna. However, they used

the Euclidean distance measure to cluster

grid cells described by species-occurrence

data, which is inappropriate. The Euclidian

distance yields misleading results when

applied to species-occurrence data because

of the double-zero problem and the species-

abundance paradox. We repeat their analy-

sis using the Hellinger distance, a measure

appropriate for species-occurrence data and

which has been shown to outperform other

such measures. Our results differ substan-

tially from those presented by Heikinheimo

et al. We argue that the rigorous application

of appropriate statistical techniques is of

crucial concern within conservation bioge-

ography.
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The delineation of biogeographical regions

is often a necessary first step in conservation

planning. Analytical solutions designed to

elucidate the spatial structure in complex

biological data are increasingly applied to

this problem (Procheş, 2005; Moline &

Linder, 2006; Mackey et al., 2008; Patten &

Smith-Patten, 2008). In particular,

Heikinheimo et al. (2007) used the k-means

clustering algorithm to define the biogeog-

raphy of land mammals in Europe. How-

ever, Heikinheimo et al. (2007) used the

Euclidean distance measure to cluster grid

cells described by species-occurrence data,

which in our view is inappropriate. We

show here that Heikinheimo et al.�s (2007)

results, namely the spatial delineation of

biogeographical regions, are considerably

altered when a more appropriate distance

measure is used to cluster grid cells.

The k-means clustering algorithm is a

descriptive multivariate technique and as

such does not require that objects be nor-

mally distributed (Legendre & Legendre,

1998). However, the solution produced by

k-means is highly dependent on the use of a

distance measure appropriate to the data at

hand. By default, k-means calculates the

within-cluster sums of squares using the

Euclidean distance between objects and

their centroids. The Euclidean distance is

derived from the classic Pythagorean for-

mula:

Dðx1; x2Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xp

j¼1

ðy1j � y2jÞ2
vuut ;

where x1 and x2 are objects (typically geo-

graphical sites) described by j = {1…p} de-

scriptors (e.g. a species list) and y1 and y2

are values (e.g. abundance or occurrence) of

descriptor j for the objects in question.

When the Euclidean distance is used as a

measure of dissimilarity among sites de-

scribed by species occurrences, as is the case

in Heikinheimo et al. (2007), one encoun-

ters what is typically called the �double-zero

problem�: two sites that have no species in

common are at a distance equal to that of

two sites that share species. Using the

formula above, it is clear that the Euclidean

distance yields a value of 0 for two sites at

which a species does not occur (y1 = 0 and

y2 = 0) and at which a species does occur

(y1 = 1 and y2 = 1). A species is likely to

occur at two sites because of the presence of

some similarity in environment between the

sites (similar climatic conditions, similar

habitat, absence of a competitor, etc.).

However, the absence of a species at a site

can occur for two main reasons: the site is

located outside the species� distribution

range (true negative), or the species is not

detected at a site that is located within its

distribution range (false negative). Thus,

when comparing two sites at which a species

is absent, one should not assume the com-

parison to be a true negative.

In addition to the double-zero problem,

the use of the Euclidean distance with spe-

cies-occurrence data may also lead to the

�species-abundance paradox� (Legendre &

Legendre, 1998). The paradox can be illus-

trated by a hypothetical example comparing

three sites at which the occurrence of four

species has been recorded (Table 1). The

paradox arises because the Euclidean dis-

tance between sites x1 and x2 (D = 1), which

share one species in common, is smaller

than the Euclidean distance between sites x2

and x3 (D = 2), which share two species in

common. The species-abundance paradox

occurs most frequently when two sites share

only a fraction of the species pool in com-

mon. Thus, the paradox is expected to be a

particular problem at the margins of bio-

geographical regions where sites may be

quite different from one another, rather

than in the centre of a region where sites are

likely to be very similar in their species

assemblages.

Table 1 A hypothetical example to

illustrate the species-abundance paradox

(see text): occurrence (1 = presence,

0 = absence) of four species (j, k, l, m)

recorded at three sites (x1, x2, x3).

Sites

Species

j k l m

x1 0 0 1 0

x2 1 0 1 0

x3 1 1 1 1
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We repeated Heikinheimo et al.�s (2007)

analysis with a distance measure more

appropriate for species-occurrence data.

Although several such measures are already

in use by biogeographers [e.g. the Kulczyn-

ski coefficient (Moline & Linder, 2006) and

the Bray–Curtis coefficient (Procheş, 2005)],

we chose the Hellinger distance measure

(Rao, 1995). When compared with other

distance measures appropriate for species-

abundance data (chord distance, chi-

squared distance, Bray–Curtis distance), the

Hellinger distance has been shown to be the

most representative of the true geographical

distance among sites (Legendre & Gallagher,

2001). As in Heikinheimo et al. (2007), we

clustered 2183 grid cells characterized by the

presence ⁄ absence records of 124 mammal

species collected by the Societas Euro-

paea Mammalogica (http://www.european-

mammals.org) to prepare the Atlas of

European mammals (Mitchell-Jones et al.,

1999). All analyses were performed with R

ver. 2.6.0 (R Development Core Team,

2007) and ArcGIS ver. 9.1 (ESRI, 2005).

Our cluster analysis produced biogeo-

graphical regions considerably different

from those presented by Heikinheimo et al.

(2007) (Fig. 1). Differences were most

apparent in central Europe, characterized by

three regions in Heikinheimo et al. (2007)

and two in this paper, and Scandinavia,

where the delineation of regions was much

altered. Comparisons between our results

and those of Heikinheimo et al. (2007) for

10 additional species sets are provided in

Appendix S1 in Supporting Information.

The differences in the delineation of

European land mammal biogeographical re-

gions between Heikinheimo et al.�s (2007)

study and this paper highlight the impor-

tance of using an appropriate distance mea-

sure in multivariate analyses of complex

biological data. The issue is compounded in

this case because Heikinheimo et al.�s (2007)

results are so readily applicable to conserva-

tion planning. Meaningful conservation

plans require information on the spatial

distribution of organisms, ideally a true

representation of the spatial structure

inherent in empirical species composition

data. In future, we hope that a greater

emphasis on the application of rigorous

multivariate techniques within conservation

biogeography will lead to an improved

understanding of the spatial distribution of

organisms, and ultimately their conservation.
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SUPPORTING INFORMATION

Additional Supporting Information may be

found in the online version this article:

Appendix S1 Biogeographical maps cre-

ated using the Euclidean distance and the

Hellinger distance for the 10 species sets

defined by Heikinheimo et al. (2007).
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Figure 1 The k-means clustering of the

�all-species� set of European land mammal

occurrence data in Heikinheimo et al.

(2007) into 12 clusters using the Euclidean

distance (a) and the Hellinger distance (b).

Grid cells are plotted using the Mollweide

(equal-area) NAD27 projection.
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