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Abstract The recent paper by Bartolino et al. (Popul Ecol
53:351-359, 2011) presents a new method to objectively
select hotspots using cumulative relative frequency distri-
bution (CRFD) curves. This method is presented as being
independent from the selection of any threshold and,
therefore, less arbitrary than traditional approaches. We
argue that this method, albeit mathematically sound, is
based on likewise arbitrary decisions regarding threshold
selection. Specifically, the use of the CRFD curve approach
requires the occurrence of two criteria for the method to be
applied correctly: the selection of a 45° tangent to the
curve, and the need to consider the highest relative value of
the study parameter corresponding to a 45° slope tangent to
the curve. Using two case studies (dealing with species
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richness and abundance of a particular species), we dem-
onstrate that these two criteria are really unrelated to the
underlying causes that shape the spatial pattern of the
phenomena under study, but rather related to sampling
design and spatial scale; hence, one could likewise use
different but valid criteria. Consequently, the CRFD curve
approach is based on the selection of a pre-defined
threshold that has little, if any, ecological justification, and
that heavily influences the final hotspot selection. There-
fore, we conclude that the CRFD curve approach itself is
not necessarily better and more objective than any of the
global methods typically used for hotspot identification.
Indeed, mathematical and/or statistical approaches should
not be viewed as a panacea to solve conservation problems,
but rather used in combination with biological, practical,
economic and social considerations.

Keywords Biodiversity hotspot - Conservation
prioritization - Density - High value conservation areas -
Species richness

Introduction

The definition of biodiversity hotspots is clearly a sub-
jective matter with respect to the definition of a cut-off
point between areas that contain an extraordinary number
of species from those that contain only an ordinary number
of species (Fortin and Dale 2005). Defining hotspots is a
first step towards understanding processes that favor the
presence of especially high species richness in certain areas
and a helpful indicator—albeit not the only one—for pri-
oritizing conservation actions at different spatial scales
(Myers et al. 2000; Cayuela et al. 2006; Altamirano et al.
2010). Consequently, ecologists and conservationists have
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been—and still are—interested in developing criteria to
discriminate hotspot from non-hotspot locations along a
continuum of species richness or any other biological
measure (for simplicity, we will refer only to species
richness hereafter).

Most often, spatially global methods for hotspot iden-
tification are used (Myers et al. 2000; Gjerde et al. 2004;
Grand et al. 2004; Orme et al. 2005; Cayuela et al. 2006;
Altamirano et al. 2010). These compare the richness value
at a given observation with those in the complete dataset,
as opposed to spatially local methods, which compare the
value at a given observation with locations in the vicinity
of that observation (see Nelson and Boots 2008 for a
review). Spatially global methods usually rely on the
subjective identification of a species richness value above
which locations are identified as hotspots. Typically, this
threshold ranges between 1 and 5% (Myers et al. 2000;
Gjerde et al. 2004; Grand et al. 2004; Orme et al. 2005;
Cayuela et al. 2006), but it can be raised up to 25%
depending on the specific conservation goals (Garcia
2006). In an attempt to overcome the problem of subjec-
tivity, Bartolino et al. (2011) proposed a new method to
objectively select species richness (or abundance of a
particular species of interest) hotspots using cumulative
relative frequency distribution (CRFD) curves (henceforth
referred to as the CRFD curve approach). This method is
presented as being independent from the selection of any
threshold and, therefore, less arbitrary than traditional
approaches. Here, we argue that the method proposed,
albeit mathematically sound, is based on likewise arbitrary
decisions regarding the selection of a threshold, and that
the CRFD curve approach itself is not necessarily better
and more objective than any of the global methods typi-
cally used for hotspot identification.

A frequency distribution approach for hotspot
identification

The methodology proposed by Bartolino et al. (2011) is
based on the following steps: (1) plot a CRFD curve of the
phenomenon of interest (species richness or abundance of a
particular species of interest), where both axes, x-variable
of interest and y-cumulative number of cases, are relati-
vised, ranging from O to 1; (2) calculate the tangent to the
curve at each point; and (3) select the highest value of
frequency distribution of sampling units (i.e., census plots,
areas, pixels) corresponding to a 45° slope tangent to the
curve. A tangent with >45° slope indicates areas where the
relative increase in frequency of sampling units is greater
than the relative increase in species richness or abundance,
whereas a tangent with <45° slope indicates areas where
the relative increase in frequency of sampling units is
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smaller than the relative increase in species richness or
abundance. According to the authors, this threshold will
separate areas where the variable considered can be found
at lower values (tangent with >45° slope) from those where
it is found at higher values (tangent with <45° slope). In
their study, Bartolino et al. (2011) also state that applica-
tion of all global methods, including the CRFD curve
approach, can only be effectively applied in the case of
spatially autocorrelated and homogeneous processes. We
will also discuss the validity of such assumptions in the
following section.

Limits to the CRFD curve approach

The geometric approach of Bartolino et al. (2011) offers an
easy and practical way to identify hotspots by using geo-
metrical properties of CRFD curves. However, the authors
claim that the main strength of this method is its lack of
subjectivity as compared to other widely used methods.
Our main objection to this claim is that the use of the
CRFD curve approach requires the occurrence of two cri-
teria for the method to be applied correctly: the selection of
a 45° tangent to the curve, and the need for considering
only the 45° tangent occurring for the highest relative
value. In our opinion, these criteria pose some problems,
since they are not directly related to the phenomenon under
study (either the spatial patterns of species richness or
abundance or the natural patterns of variation of those
parameters according to the shape of their distributions—
gaussian, left- or right-skewed) but rather to the sampling
process. Although the authors state that “[...] the shape of
the CRFD curve varies in relation to how the intensity of
the spatial process changes across the area, revealing
important aspects of the underlying spatial phenomenon
being considered”, such aspects are not mentioned at all in
their paper. Using a couple of case studies, we will provide
further evidence of some rationale problems behind the
CRFD curve approach, and will demonstrate that the cri-
teria provided by Bartolino et al. (2011) are arbitrary and
their method as subjective as any other global method for
identification of hotspots.

To illustrate our point, we applied the same analytical
procedure as Bartolino et al. (2011) to two different data-
sets: one of herb species richness in 10 x 10 km grid cells
in the United Kingdom, and another of Canary Islands
stonechat Saxicola dacotiae abundance (n/kmz) in
2 x 2 km grid cells in Fuerteventura Island, Spain. Dis-
tributions maps of terrestrial herbaceous plants for Great
Britain were obtained from the New Atlas of the British
and Irish Flora (Preston et al. 2002). Plant maps and UTM
grid cells of 10 x 10 km each were intersected in ArcGiS
9.3 and herb richness was calculated for each UTM grid
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cell (further information can be obtained in Albuquerque
et al. 2011). Data for the endangered population of Canary
Islands stonechat were obtained from the census program
described in Seoane et al. (2010a): 1,462 0.5-km line
transects during the reproductive seasons in 2005 and 2006,
distributed across the whole island, that were assigned to
2 x 2 UTM squares, and estimation of detectability func-
tions to obtain absolute densities. Sample sizes were
n = 2,252 and n = 286 for the herb richness and stonechat
density datasets, respectively.

The results of applying the CRFD curve approach to
both datasets are shown in Fig. 1. One can easily realise
that a tangent with <45° slope does not necessarily corre-
spond to areas where the variable considered, herb species
richness or bird density, respectively, is found at high
densities and vice versa, as pointed out by Bartolino et al.
(2011). In both datasets, several points with both low and
high values fulfill the 45° slope tangent rule (Fig. 1c, f), so
clearly they do not necessarily correspond to areas where
the variable considered is found at high values. This is
probably the reason why Bartolino et al. (2011) suggest
that “[...] that the highest x, (i.e., relative species richness
or abundance) corresponding to a 45° slope tangent to the
curve can be used as a global threshold to identify hot-
spots”. In this way, they restrict the 45° slope tangent to the
curve rule in order to select only those areas where the
variable considered is found at high values. The main
conclusion one can extract from this is that the tangent to
the CRFD curve may not provide a meaningful criterion
related to patterns of species richness or density of a par-
ticular taxa, but rather it reflects the average increase in
species richness or density as new locations are added to
the overall sample. Sites with a tangent of <45° slope are
simply those that experience an increase in species richness
of at least one species for each new location added to
the overall sample. Since this is really unrelated to the
underlying causes that shape the spatial pattern of the
phenomena under study but rather related to sampling
design and spatial scale (Willis and Whittaker 2002;
McGill 2010), one could likewise use a different but valid
criterion, such as selecting sites with a tangent of <35°
slope. Consequently, the CRFD curve approach, as with
other global and partially local methods, is based on the
selection of a pre-defined threshold that has little, if any,
ecological justification, and that heavily influences the final
hotspot selection. That threshold is related to the geometry
of the CRFD curve itself, derived from the shape of the
frequency distribution of absolute values of the ecological
parameters under study.

A second source of arbitrariness in the CRFD curve
approach relates to the selection of the highest relative
value of species richness or abundance corresponding to a
45° slope tangent to the curve, which is proposed as a

global threshold to identify hotspots. The application of the
CRFD curve approach to our two case studies shows that
cells with over 579 herb species (Fig. 1b) and 45.7 birds/
km? (Fig. le) are hotspots in the UK and Fuerteventura
Island, respectively. But are there really any biologically
meaningful differences between these areas and other areas
holding a slightly lower number of species or individuals?
It is unlikely. Furthermore, there are several locations that,
in spite of harboring a really high number of species, have
a tangent with <45° slope, but since these values fall below
the highest relative species richness corresponding to a 45°
slope tangent to the curve, they are not classified as hot-
spots (see Fig. 1c). Again, different criteria might be valid
here, for example selecting those values that fall below the
second or third highest relative species richness or density
value corresponding to a 45° slope tangent to the curve. On
the other hand, the threshold figure of 45.7 birds/km? for
the Canary Islands stonechat in Fuerteventura is a very
restrictive cut-off point defining population hotspots for the
species. This density level only selects 5% of the distri-
bution range of the species in the island (60 km?), and
includes 21.6% of its total population (Seoane et al.
2010b), being of limited value for conservation purposes
(both in terms of total population accounted and consid-
ering the fragmentation of the selected distribution areas as
defined by that threshold, within the whole stonechat
range). Therefore, we conclude that there is no biological
meaning of this threshold that allows the objective classi-
fication of hotspots and non-hotspot areas, and conse-
quently the rationale underpinning the use of this method is
limited and only relies on mathematical grounds using the
45° slope as a ‘golden standard’.

Finally, it is necessary to clarify that, contrary to what
Bartolino et al. (2011) stated in their paper, the use of any
global method, including the CRFD curve approach, does
not necessarily have to comply with the assumption of
spatially autocorrelated surfaces. Meeting the assumption
of spatial autocorrelation will enable any global method to
incorporate the local structure of the phenomenon of
interest, and results will consequently be more similar to
those obtained by means of spatially local methods. On the
contrary, if spatial autocorrelation is low, global methods
will also incorporate the local structure of the phenomenon
of interest, but in this case local structure will have little
influence on the selection of hotspots. Spatial autocorre-
lation must be viewed as a characteristic of the spatial
pattern of the phenomenon under study and not as a
requirement for the performance of the CRFD curve
approach (or any other spatially global method). As for the
assumption of homogeneous processes, we agree with
Bartolino et al. (2011) that identification of hotspots over
large areas characterized by non-stationarity will gain from
partitioning into smaller regions of investigation if one is
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Fig. 1 a, d Cumulative relative frequency distribution curve of herb
species richness and Canary Islands stonechat Saxicola dacotiae
abundance (n/km?) showing the 45° slope tangent to the curve (dotted
line) at the highest species richness value in 10 x 10 km grid cells in
the UK, or the highest density in 2 x 2 km grid cells in Fuerteventura
Island, respectively. b, e Frequency distribution of herb species
richness and Canary Islands stonechat abundance in 10 x 10 km grid
cells in the UK and 2 x 2 km grid cells in Fuerteventura Island,

interested in not losing locally relevant hotspots. None-
theless, locally important hotspots can be irrelevant for the
goals of a particular study (e.g., Myers et al. 2000). In such
cases, non-stationarity will not be a problem for the
application of any spatially global method.

Further prospects in the use of methods for hotspot
identification

In most cases, species richness and abundance patterns
change across a continuum, and almost any criterion to
harden this continuum into classes (hotspot vs. non hot-
spot) will fall into some degree of subjectivity. In their
study, Bartolino et al. (2011) compared the results obtained
from the CRFD curve approach with those obtained using
other spatially local and global methods, and found that the
main hotspots were detected by all the techniques they
considered. They observed, however, wide variations in the
number and size of the identified hotspots, particularly
when comparing global methods using datasets with low
spatial autocorrelation with spatially local methods. Since
the definition of thresholds to identify hotspots from non-
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Spain, respectively; the dotted line separates the proportion of
observations/locations above the identified threshold. ¢, f Slope of
tangent to the curve f(x) at a point (xo, f(xp)), in degrees, correspond-
ing to the derivative of f(x) in x( (sensu Bartolino et al. 2011), for herb
species richness and Canary Islands stonechat in 10 x 10 km grid
cells in the UK and 2 x 2 km grid cells in Fuerteventura Island,
Spain, respectively. Small vertical lines in the upper part of the
graphs indicate tangents to the curve with <45° slope

hotspots areas based on the CRFD curve approach may be
as arbitrary as any other commonly used global threshold
(e.g., considering the 5, 10, or 15% highest values as hot-
spots), this method should be used with caution. Alterna-
tively, we suggest the use of the CRFD curve approach in
combination with existing spatially local and global
methods to build a consensual output. The robustness of the
CRFD curve approach to variations in the distribution
shapes of the ecological parameters employed to define
hotspots should also be investigated, because this method
relies on the relative value of species richness or abundance
compared to the highest recorded figures, and very differ-
ent shapes of parameter distributions can be obtained with
the same maximum values. In other words, how does the
definition of hotspot change according to the kurtosis and
skewness of the studied parameters? How is the shape of
these distributions affected by both the total number of
hotspots and their spatial distribution (e.g., interconnection
among them, fragmentation of the study region due to
hotspot selection)?

Finally, it is the role of scientists to inform policy
makers engaged in conservation about which areas to pri-
oritize according to different criteria. One such criterion is
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species richness, but there can be many others, such as
species rarity, vulnerability (Rey Benayas and de la
Montafia 2003) or complementarity (Justus and Sarkar
2002; Cayuela et al. 2006). Identifying hotspots from
non-hotspot areas is one way to prioritize high-value con-
servation areas. Scientists can achieve this through an
intellectual exercise and as a way of highlighting the need
to strengthen the conservation of natural areas (e.g., Myers
et al. 2000), but this must be taken as just an indication of
what needs to be and what can be preserved given political,
economic and social considerations. Therefore, whether the
criteria used to identify hotspots are arbitrary or not is not
really relevant, because hotspot selection must be under-
stood in the particular context of each case study. We go
further and believe that any criterion will be to some extent
arbitrary, even those that claim to be objective, such as the
CRFD curve approach. Mathematical and/or statistical
approaches should not be viewed as a panacea to solve
conservation problems for two main reasons: currently,
they all involve inherently subjective decisions, and they
miss biological, practical, economic and social consider-
ations. However, once the most appropriate tool for hotspot
definition is selected, given the specific characteristics of
the case study at hand and justifying its use and threshold
selection with sound biological knowledge, hotspot iden-
tification can be a useful tool to be included in conservation
prioritization processes.
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