authors defined functional uniqueness as
an indicator of species functional redun-
dancy. However, their proposed index
(functional distance to the nearest neigh-
bor) depends only on a single species. In
this sense, indices of redundancy consid-
ering more species seem more adequate
alternatives [2,3]. Moreover, estimations
of distances between species should be
considered carefully, including the possi-
bility of combining functional and phylo-
genetic information [4]. For example,
estimating functional dissimilarities via
Gower distances or standardized Euclid-
ean distances can make
estimations of rarity not comparable
across species pools [5]. We suggest that
most of these limitations can be
overcome by applying the trait probability
density (TPD) approach to estimate
functional diversity ([2]; Figure 1). The
main three advantages of the TPD
approach are that species abundance is
explicitly considered in these functions;
that they can be expressed at any spatial
scale or organizational level; and that
results can be directly compared across
species pools [2,6]. This allows for seam-
less transitions and comparisons across
scales (species within habitats or regions
as in Violle et al. [1], but also habitats
within landscapes or regions, regions
within countries, biogeographical
domains within the world, or any
combination of these) using a single,
probabilistic, and  scale-independent
definition (Figure 1).

Finally, future developments will need to
establish clear connections between
extinction risk and functional rarity. It is
not straightforward to assume that rarity
always implies higher extinction risk.
While extinction is generally expected
not to be a random process, common,
instead of rare species, can be lost if their
traits make them more susceptible to
environmental changes [7]. Previous stud-
ies applying species loss simulations on
functional diversity/ecosystem functions

have assumed extinction orders according
to metacommunity nestedness pattems
and species response traits (e.g., body size
[8] or species palatability to livestock [9]),
and not necessarily on their rarity in a com-
munity or region [10]. Ecological conse-
quences of species loss are better
evaluated in a continuous fashion, using
estimations of vulnerability. Such estima-
tions combine functional trait information of
species (preferably based on multiple
traits, as a proxy for overall functioning) with
information on species extinction risk and
their expected response to environmental
changes [11,12].
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A Common Toolbox to
Understand, Monitor or
Manage Rarity? A
Response to Carmona
et al.
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Frangois Munoz,*
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Carmona et al. [1] highlight a probabilistic
approach to functional rarity as an exten-
sion of our integrated framework to func-
tional rarity [2]. The authors argue that it
could be considered as a common tool-
box for rarity. While we certainly agree
with the authors about the necessity to
unify the quantification of biodiversity and
rarity in @ community ecology and bioge-
ography perspective [3], we call for a
more operational and pragmatic quantifi-
cation in a conservation perspective.

Carmona et al. [1] question the relevance
of categorizing functional rarity instead of
providing a continuous quantification. In
fact, the integrated view of functional rar-
ity we proposed [2] is not categorized by
principle or design. We proposed a set of
indices that are continuous and in line with
the probabilistic approach promoted by
Carmona et al. [1] (see also [4]). We
defined local and regional scales for the
sake of simplicity but the delimitation

891



mailto:perezcarmonacarlos@gmail.com
https://doi.org/10.1016/j.tree.2017.09.010
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0005
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0005
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0010
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0010
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0010
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0015
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0015
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0015
http://dx.doi.org/10.1111/2041-210X. 12735
http://dx.doi.org/10.1111/2041-210X. 12735
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0025
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0025
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0025
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0030
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0030
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0035
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0035
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0035
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0040
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0040
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0040
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0045
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0045
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0045
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0050
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0050
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0050
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0055
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0055
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0055
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0055
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0060
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0060
http://refhub.elsevier.com/S0169-5347(17)30241-0/sbref0060

between these two scales is not fixed;
calculating the indices for various scales
can be easily achieved. This set of func-
tional rarity indices can now be calculated
using the R package, funrar, available on
CRAN (https://cran.r-project.org/web/
packages/funrar/index.html)  [5].  We
encourage everyone to complement or
improve functions available in funrar.
Implementing the framework of Carmona
et al. [4] in funrar appears to be a natural
perspective.

As a byproduct of our quantitative frame-
work for assessing functional rarity, we
originally proposed to categorize it
through 12 forms of functional rarity,
echoing Rabinowitz’'s seven forms of
(taxon) rarity [6]. We argue that this
two-step assessment (quantification and
then categorization) of functional rarity
should not be minimized or ignored. In
a conservation perspective, it is essential
to keep in mind that any new tool for
quantifying different facets of biodiversity
will be in the hands of resource managers
and decision-makers. Providing continu-
ous and sophisticated metrics for rarity
may be mathematically appealing, but will
likely be counterproductive in some cases
if interpretation of values is unclear. There
are strong arguments in favour of treating
rarity as a discontinuous or categorical
variable rather than as a continuous vari-
able in the conservation literature:
‘because for legal and conservation pur-
poses species often need to be catego-
rized as rare or otherwise, a more
pragmatic approach is often desirable’
[7]. Our 12 forms of functional rarity follow
this recommendation. More broadly,
there is a growing effort to identify simple
and operational metrics to facilitate the
monitoring and management of biodiver-
sity and rarity. We consider that the basic
categories of functional rarity that we pro-
posed could be easily added to the list of
Essential Biodiversity Variables (EBV) [8].
For instance, our approach allows the
identification of species that possess
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the highest degree of functional rarity (e.
g., top 5 or 10%), potentially useful infor-
mation for monitoring and managing
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biodiversity and rarity worldwide. Bridging
theoretical and applied ecology is not a
new challenge for the field, but we
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Figure 1. Cookbook for the Application of Violle et al.’s Framework to Functional Rarity: When,
How and Why Study Functional Rarity? Several fields of (theoretical and applied) biology needs a unified
framework to quantify rarity. The funrar R package [5] implements the framework proposed in Violle et al. [2].
Depending onthe objectives of the research question in each field, one can be interested to: (i) assess the originality
of a single item (e.g., species or habitat) (the red point is original —i.e., rare — compared to the black ones); or (i)
quantify the whole functional rarity of a set of items (e.g., acommunity or a grid cell) (the sum, or any other integration
functions of functional rarity values of each item). In the latter case, functional rarity and functional redundancy are
the two sides of the same coin and Carmona et al.’s framework [4] can be easily implemented.
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question whether the complexification of
science, the emergence of big data and
sophisticated approaches to analyse
them, although necessary, may separate
instead of bridging both sides of ecology.

The concept of (functional) rarity is multi-
faceted by nature [2], and its application
involves at least two forms: an item-by-
item (Ibl) analysis versus a set-of-items
(Sol) analysis (Figure 1). In an Ibl perspec-
tive, the interest is to characterise the
functional rarity of a species or any item
of lower or higher organisation level (e.g.,
community, habitat, or biome) compared
to other items of the same type (e.g.,
analysing the functional rarity of a given
plant species relatively to all other land
plant species). In this case, the main
questions are: what causes functional rar-
ity; what are the consequences of func-
tional rarity; and what is the link between
species’ extinction risk and functional rar-
ity? These are crucial questions for con-
servation ecology, and also for more
theoretical fields like functional ecology,
macroecology, and evolutionary biology.
From a functional ecology or macroecol-
ogy perspective, an appealing research
frontier would be to identify outliers from
‘universal laws’ of functioning and pheno-
typic diversification (e.g., the leaf eco-
nomics spectrum in plants, or allometric
relationships in both plants and animals),
their causes of persistence in nature, and
the reasons why theoretical laws can be
violated. As a consequence, beyond the
need in conservation, Ibl analyses appear
also particularly relevant in many fields of
biology (Figure 1).

Sol analyses are specifically relevant in a
community ecology and biogeography
perspective [3,9]. Sol refers to the amount
of functional rarity that does exist in a
given assemblage, for example, in a com-
munity or a biome. Sol functional rarity
indices can be compiled by, for example,
averaging or summing species-based Ibl

indices [5]. It is important to note that Sol
indices and functional redundancy analy-
ses are the two sides of the same coin
[10] and thus can address complemen-
tary topics. Is the functional space of a
community saturated? What are the
causes of the maintenance of rare phe-
notypes in a community? Are ecosystem
functioning and stability driven by the
functions supported by some rare phe-
notypes, or by functional redundancy? As
a unified analytical framework, the trait
probability density (TPD) [1,4] approach
can be relevant for Sol analyses. Never-
theless, there are some practical limita-
tions in the application of this framework
given that it requires ideal and precise
descriptions of continuous trait distribu-
tions (within species, communities, etc),
which are rarely available.

There have been many attempts to math-
ematically unify and integrate the different
facets of biodiversity and rarity [4,11]. This
is valuable given that single biodiversity
(rarity) metrics can be provided. We pro-
posed one of them through a multiplica-
tive framework [2,5], echoing abundance-
weighted evolutionary  distinctiveness
scores [12]. TPD can be used for assem-
blage-level analyses. In any case, we call
for simplicity and pragmatism when navi-
gating the jungle of rarity indices, so as to
remain useful for the conservation and
monitoring of biodiversity whose objec-
tives are tightly linked to rarity issues
within the global context of extinction of
both species and functions.
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