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Abstract

Aims
Measures of plot-to-plot phylogenetic dissimilarity and beta diversity 
are providing a powerful tool for understanding the complex ecolog-
ical and evolutionary mechanisms that drive community assembly.

Methods
Here, we review the properties of some previously published dis-
similarity measures that are based on minimum or average phylo-
genetic dissimilarity between species in different plots.

Important Findings
We first show that some of these measures violate the basic condi-
tion that for two identical plots the measures take the value zero. 

They also violate the condition that the dissimilarity between two 
identical plots should always be lower than that between two differ-
ent plots. Such erratic behavior renders these measures unsuitable 
for measuring plot-to-plot phylogenetic dissimilarity. We next pro-
pose a new measure that satisfies these conditions, thus providing a 
more reasonable way for measuring phylogenetic dissimilarity.
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InTRoducTIon
There are many different measures for expressing the dissimilar-
ity between two species assemblages (or communities, samples, 
plots, etc.). Most of these measures attempt to summarize differ-
ent aspects of plot-to-plot dissimilarity based either on species 
presences and absences within plots or on species abundances, 
thus implicitly assuming that all species are equally and maxi-
mally distinct from one another. However, it has been recently 
understood that more valuable measures of pairwise plot-to-plot 
dissimilarities should also summarize interspecies differences. As 
noted by Nipperess et al. (2010): ‘given the central role of evolu-
tion in the generation of biological diversity, and the strong link 
between phylogeny and variation in morphological, functional 
and other traits, phylogeny represents the most fundamental 
(but not the only) basis for measuring the distinctness of organ-
isms’. Accordingly, several indices have been recently proposed 

that take evolutionary relationships into account when measur-
ing the dissimilarity of ecological assemblages.

As well as providing a starting point for community-level 
exploratory data analysis, dissimilarity coefficients between plots 
can be also interpreted as expressions of an important ecologi-
cal phenomenon, such as beta diversity (see Koleff et al. 2003; 
Podani and Schmera 2011). In this framework, Webb et  al. 
(2008) and Swenson et al. (2011) proposed two measures for 
summarizing plot-to-plot dissimilarity and beta diversity that are 
based on the average phylogenetic overlap between each species 
in the first plot and all species in the second plot, and vice versa. 
Unfortunately, in spite of their simplicity, these measures do not 
meet the foremost requirement for a dissimilarity coefficient (see 
Clarke et al. 2006): for two identical plots, the measures do not 
take the value zero. Also, the dissimilarity between two identical 
plots, A and B, is not always lower than that between two differ-
ent plots A and C. Therefore, due to the widespread use of these 
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measures in the ecological literature, we feel compelled to bring 
attention to this problem and to propose a possible solution.

An oVERVIEW on SElEcTEd 
MEASuRES oF PHylogEnETIc 
dISSIMIlARITy
Given two plots A and B, together with a matrix Δ of pairwise 
phylogenetic dissimilarities dij between species i and j (with dij = dji 
and dii = 0), a simple measure of plot-to-plot phylogenetic dissimi-
larity based on presence and absence data can be calculated as the 
average minimum dissimilarity between any two species in differ-
ent plots. Two such presence/absence measures were defined by 
Clarke and Warwick (1998) and Izsak and Price (2001) as follows:
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where min diB is the minimum phylogenetic dissimilarity 
(usually measured as the patristic distance or linking path 
determined from a phylogenetic tree) between species i in 
plot A and all species in plot B, min djA is the minimum phylo-
genetic dissimilarity between species j in plot B and all species 
in plot A and SA and SB denote the species richness of plots A 
and B, respectively (Ricotta and Bacaro 2010).

DIP summarizes the mean dissimilarity between each species 
in one plot and its ‘phylogenetic nearest neighbor’ in the second 
plot, whereas DCW separately calculates the mean phylogenetic 
dissimilarity between all species in plot A and their phyloge-
netic nearest neighbors in plot B, and vice versa. Then, it averages 
the two means. Note that DIP was independently proposed by 
Webb et al. (2008) under the name COMDISTNN. The R script 
(R Development Core Team 2013) for this index is available in 
the package picante (Kembel et al. 2010). Note also that if both 
plots contain the same number of species, then DCW = DIP. For a 
thorough discussion of the relationship of DCW and DIP with the 
Bray-Curtis dissimilarity family, see Clarke et al. (2006).

Ricotta and Burrascano (2008) generalized Equation (1) to 
allow the inclusion of species’ relative abundances in the cal-
culation of phylogenetic dissimilarity:
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where pi is the relative abundance of species i in plot A, qj 
is the relative abundance of species j in plot B and the sum-
mation p di iBi

SA minå  is the expected minimum phylogenetic 
dissimilarity between plot A and plot B if one individual is 
chosen randomly from plot A (Ricotta and Bacaro 2010).

Alternatively, other indices rely on mean phyloge-
netic dissimilarities, rather than on minimums. Rao (1982) 

introduced a measure of the expected (phylogenetic) dissimi-
larity between one individual chosen at random from plot A 
and one individual chosen at random from plot B as follows:

 Q p q dAB i j ijj
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For presence and absence data (i.e. for pi = 1/SA and qj = 1/SB), 
the same index was independently proposed by Webb et al. 
(2008) for measuring plot-to-plot phylogenetic dissimilarity 
under the name COMDIST. Webb et al. (2008) also indepen-
dently proposed an abundance-weighted version of COMDIST, 
which is mathematically identical to QAB.

Referring to Webb et al. (2008), the COMDIST index was repro-
posed by Swenson (2011) as a measure of ‘presence–absence 
weighted pairwise phylogenetic dissimilarity’ Dpw. Using a slightly 
different, less compact notation from the original formulation of 
Swenson (2011), this measure can be defined as follows:
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where d S diB B ijj
= ×∑ 1 is the mean phylogenetic dissimilar-

ity between species i in plot A and all species in plot B and 
d S djA A iji
= ×∑ 1  is the mean phylogenetic dissimilarity 

between species j in plot B and all species in plot A.
Finally, Swenson et al. (2011) also proposed an abundance-

weighted version of the above pairwise phylogenetic dissimi-
larity, Dpwʹ:

 D p d q dpw i iB
i

SA
j jA

j

SB’= +( )∑ ∑1

2  
(6)

Unfortunately, QAB, Dpw and its abundance-weighted generaliza-
tion Dpwʹ do not take the value zero for two identical plots. Take 
the index Dpw and the artificial phylogenetic tree in Fig. 1 as exam-
ple. Given two identical plots, A and B, both composed of species 
x and y, we have: D d d d dpw xB yB xA yA= + + +( ) =1

2
1
2

1
2

1
2 2 0 2.  

with d d d dxB xA xy xx= = +( ) 2 and d d d dyB yA yx yy= = +( ) 2.  

Figure 1: example of an artificial phylogenetic tree composed of five 
species, together with its species distance matrix. The patristic dis-
tance (linking path) between two species is equal to the total branch 
length separating both species in the phylogeny. For an ultrametric 
tree, this distance is twice the distance from the most recent common 
ancestor or node (i.e. branch length from species i to the most recent 
common ancestor plus branch length from the most recent common 
ancestor to species j). The species distances in the distance matrix are 
rescaled in the range [0, 1] by dividing the patristic distances by the 
maximum distance between two theoretical species dmax = 100 (i.e. 
twice the distance from the tips to the root of the tree).
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If we substitute species x with species z in both plots, we obtain 
Dpw  =  0.45. Hence, Dpw itself is not a statistically valid index 
of dissimilarity, as for any two identical plots, it is possible to 
have different index values depending on the number and 
the identity of species within plots. From this, it also follows 
that the dissimilarity among two identical plots can be higher 
than the dissimilarity between two different plots. For exam-
ple, for two identical plots with species x, y and z, we have 
Dpw = 0.488, whereas if we compare one plot composed of the 
same species x, y and z with a second plot composed of spe-
cies x and y, we obtain Dpw = 0.433. This paradox renders these 
measures unsuitable for measuring plot-to-plot phylogenetic 
dissimilarity.

A nEW MEASuRE oF PHylogEnETIc 
dISSIMIlARITy
A number of different phylogenetic dissimilarity indices have 
been already proposed that correctly take the value zero for 
two identical plots. Examples are the phylogenetic Sørensen 
measure ‘PhyloSor’ (Bryant et  al. 2008) and its abundance-
weighted version (Nipperess et al. 2010), or the phylogenetic 
fuzzy weighting approach of Pillar and Duarte (2010; see also 
Duarte 2011). As an alternative, we propose here a new plot-
to-plot dissimilarity coefficient that is based on index symmetry. 
For a given species assemblage, together with an interspecies 
dissimilarity matrix Δ = [dij] with dij in the range 0–1, Leinster 
and Cobbold (2012) defined the average ordinariness of the 
assemblage ZA as the expected similarity between two individu-
als chosen at random with replacement from the assemblage:

 Z p p sA i j ijj
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where sij is the similarity between species i and j (sij = 1 – dij). 
For a thorough discussion on the relationship between ZA and 
the Rao (1982) quadratic diversity, see Leinster and Cobbold 
(2012). Of course, for any dissimilarity measure with an 
upper bound dmax > 1, division by dmax gives a standardized 
dissimilarity measure in the range [0, 1]. On the other hand, 
for dissimilarities that do not have a fixed upper bound, such 
as patristic distances, it is still possible to locally normalize all 
dij values in the range [0,  1] by dividing each term by the 
highest dissimilarity value found in the data set.

The quantity Z p si j ijj

SA=∑  in Equation (7) is the expected 
similarity between an individual of species i and an indi-
vidual chosen at random from the assemblage. Zi, therefore, 
measures the ordinariness of species i within the assemblage. 
Leinster and Cobbold (2012) called Zi the abundance of species 
similar to i. As sii = 1 (dii = 0) by definition, we always have Zi ≥ 
pi meaning that the relative abundance of all species similar to 
i is at least as great as the relative abundance of i itself.

Starting from index ZA in Equation (7), we note that, 
for two identical plots A  and B, the quantities p sj ijj

SABå
in one plot should be equal to the corresponding quantities 

q sj ijj

SABå  
in the other plot, where i, j = 1, 2, … , SAB, pj is 

the relative abundance of species j in plot A, qj is the relative 
abundance of species j in plot B, and SAB is the species richness 
of the pooled pair of plots. In other words, the abundance of 
species similar to i in plot A should be equal to the abundance 
of species similar to i in plot B.

Accordingly, we can get an index of plot-to-plot phyloge-
netic dissimilarity, DAB, by taking the sum of the absolute dif-

ferences p s q sj ijj

SAB
j ijj

SAB∑ ∑−
 
over all species in the pooled 

pair of plots, and normalizing this sum by the total species 
ordinariness (sum of Zi’s) in plots A and B:
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with DAB  =  0 for two identical plots and DAB  =  1 for maxi-
mally distinct plots with no species in common and with zero 
similarities among their species. For details on the definition 
of maximally distinct plots, see Pavoine and Ricotta (2014). 
Figure 2 contains a worked example to clarify how the pro-
posed index works, and online supplementary Appendix S1 
shows R script for calculating the new measure.

Figure 2: worked example to demonstrate how to calculate the dis-
similarity index DAB. For two artificial plots, A and B, and the phylo-
genetic tree in Fig. 1, the figure shows the species relative abundances 
in both plots, together with the resultant matrices with elements 
p sj ij´  and q sj ij´ . The pairwise species similarities sij are calculated 
from the species dissimilarities dij in the distance matrix of Fig. 1 as 
sij = 1 – dij. DAB is then obtained from the row sums ZAi and ZBi of both 
matrices as follows:
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concluSIon
Recent advances in ecological theory have been made possi-
ble through the integration of phylogenetic information into 
studies of community ecology. As a result, in the last two dec-
ades, several measures of plot-to-plot phylogenetic dissimilar-
ity have been independently discovered and rediscovered by 
different authors. In this short note, we showed that some 
of these measures, such as QAB, Dpw and Dpw’, do not take the 
value zero for two identical plots. This renders them unsuit-
able for calculating plot-to-plot phylogenetic dissimilarity and 
beta diversity. This is not to say that nearest-neighbor indices, 
such as DCW, DIP or DRB are perfect measures of plot-to-plot dis-
similarity. For instance, in Fig. 3, an example is shown where 
these indices lead to unexpected results. Accordingly, nearest-
neighbor indices should be used only in cases where the cal-
culation of a minimum phylogenetic distance between species 
is based on strong biological reasons.

To fix these shortcomings, we suggested a new measure 
(DAB) of phylogenetic dissimilarity between a pair of plots. 
The proposed measure takes the value zero for identical plots 
and its maximum value when two plots, A and B, have no 
species in common and sij = 0 (dij = 1) for one species in plot 
A and one species in plot B. Although we discussed the cal-
culation of DAB in the framework of patristic distances only, 
the proposed index calculates the dissimilarity between a 
pair of plots based on any dissimilarity measure of choice. 
Accordingly, the same index may be applied to any other 
ecologically relevant measure of interspecies dissimilarity, 
such as genetic or functional dissimilarities, and does not 
need to be necessarily restricted to phylogenetic differences 
between species.

Overall, although further research is needed to explore 
the properties of the proposed measure in deeper detail, we 
think, DAB is a promising tool for summarizing plot-to-plot 
dissimilarity in a meaningful way. Nonetheless, we would like 
to stress, once again, that there is no ‘magic’ measure that 
is able of uniquely characterizing all aspects of plot-to-plot 
dissimilarity. Dissimilarity coefficients condense multivariate 
ecological data of high dimension into single univariate meas-
ures. Therefore, information is necessarily lost and a perfect 
dissimilarity measure does not exist. Rather, several ‘tailored’ 
measures may be developed and their specific relevance must 
be evaluated based on their ability to answer the particular 
ecological question under scrutiny.

SuPPlEMEnTARy MATERIAl 
Supplementary appendix is available at Journal of Plant 
Ecology online. 
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