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behave similarly and where they do not. We performed two distinct

analyses.

In the first analysis, the index SQ = 1 ! DQ was compared to

SSokal-Sneath, SJaccard, SSørensen and SOchiai using the real data set. First,

similarities among stations were evaluated by considering only the

relative number of individuals from each species collected in each

station. Then, similarities among species were considered using

taxonomy and feeding habits. The taxonomic tree was considered with

unit branch length and the root placed at the class level (Insecta) assum-

ing that species of the order Coleoptera have zero taxonomic similarity

with Trichoptera species. The index used to calculate the taxonomic

similarities among species was related to that used to calculate taxo-

nomic similarities among stations. For example, for calculating the

index SSokal-Sneath, we used the following index of interspecific similar-

ity: for any two species i and j, rij = a/(a + 2b + 2c) where a = sum of

branch lengths from the nearest common ancestor of the two species i

and j to the root of the tree, b = sum of branch lengths from species i to

this nearest common ancestor and c = sum of branch lengths from spe-

cies j to this nearest common ancestor. Using the same notation, the

indices of interspecific similarity a/(a + b + c), 2a/(2a + b + c) and

a=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðaþ bÞðaþ cÞ

p
were used for calculating SJaccard, SSørensen and

SOchiai, respectively. In general, we suggest the use of consistent indices

for measuring the similarity among species and among communities

since this is allowed by our methodology (Appendix S2). The indices

SSokal-Sneath, SJaccard, SSørensen and SOchiai were then compared with SQ.

For comparing SQ with, say, SSokal-Sneath, we calculated SQ using the

samemeasure of interspecies similarity used for calculating SSokal-Sneath.

The same procedure was used for all pairwise comparisons between SQ

and one of the newly proposedmeasures.

Regarding feeding habits, the affinity of each species to each feeding

category (engulfers, shredders, scrapers, deposit-feeders, active filter-

feeders, passive filter-feeders and piercers) was quantified using a fuzzy

coding approach (Chevenet, Dol!edec & Chessel 1994). The species

affinity for each feeding category was estimated by expert opinion on

an ordinal scale ranging from 0 (no affinity) to 3 (high affinity; Ivol

et al. 1997). The similarity between two species was then calculated

using Table 2, second column, by replacing the vectors of species’ pro-

portions in each community with vectors showing the species relative

affinities for each feeding category. For example, the index SSokal-Sneath
was calculated using the following index of interspecific similarity: for

any two species i and j,

rij ¼
X

k
aikajk=ð2

X
k
a2ik þ 2

X
k
a2jk ! 3

X
k
aikajkÞ eqn 14

where aik and ajk are the relative affinities of species i and j to the kth

feeding category. Using the same notation, the indices of interspecies

similarity rij ¼
P

k aikajk=ð
P

k a
2
ik þ

P
k a

2
jk !

P
k aikajkÞ, rij ¼

2
P

k aikajk=ð
P

k a
2
ik þ

P
k a

2
jkÞ, and rij ¼

P
k aikajk=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
k a

2
ik

P
k a

2
jk

q

were used for calculating SJaccard, SSørensen and SOchiai, respectively.

These indices were then compared with SQ. For the calculation of SQ,

we used the samemeasure of interspecies similarity used for calculating

the corresponding similarity measures SSokal-Sneath, SJaccard, SSørensen
andSOchiai.

In the second analysis, the behaviour ofSSokal-Sneath,SJaccard,SSørensen
and SOchiai was analysed in more details using the theoretical data in

Fig. 2. We also calculated four different versions of SQ, each with a

differentmeasure of interspecies similarity (for details see Table 3).

We first used the same taxonomy as in the real data set. Next, we dis-

torted it by attributing different branch lengths to the taxonomic levels.

The theoretical communities associated with the taxonomy in Fig. 2

included only the presence/absence of species. Two of them contained

only Coleoptera (communities 1 and 2), while the other two communi-

ties contained Trichoptera only (communities 3 and 4). Each commu-

nity contained a species per family and, when possible (i.e. when more

than one species was represented per family), different species were

attributed to different communities. Taxonomic similarities among

species and among communities were calculated with the same proce-

dure as for the real data set. Only communities 3 and 4 have some

species in common. We thus expected their taxonomic similarity to be

the highest. Because communities 1 and 2 contain Coleoptera only and

communities 3 and 4 Trichoptera only, we expected the similarity of

community 1 (or 2) with community 3 (or 4) to be the lowest. The data

set was designed so that the similarities between communities with

Coleoptera only and communities with Trichoptera only (i.e. commu-

nities 1 9 3, 1 9 4, 2 9 3, and 2 9 4) were all equal.

Fig. 1. Behavior of COMDIST for a small data set composed of four
communities (Com1–Com4). Top left: theoretical phylogenetic tree
with equal branch lengths and species as tips. The height of the tree
(sum of branch lengths on the smallest path between tips and root) was
considered to be unity. An open circle indicates the root node of the
phylogeny. Top right: compositions of the four communities. Close
squares represent species presences. Bottom: Index values of COM-
DIST and six similarity measures among communities (all measures
are calculated with species proportions equal to 1/Ni, where Ni is the
number of species in the ith community). As COMDIST is bounded
between 0 and 1 (because interspecific dissimilarities among species,
themselves varied between 0 and 1), we also included 1-COMDIST
among the similaritymeasures.
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behave similarly and where they do not. We performed two distinct

analyses.

In the first analysis, the index SQ = 1 ! DQ was compared to

SSokal-Sneath, SJaccard, SSørensen and SOchiai using the real data set. First,

similarities among stations were evaluated by considering only the

relative number of individuals from each species collected in each

station. Then, similarities among species were considered using

taxonomy and feeding habits. The taxonomic tree was considered with

unit branch length and the root placed at the class level (Insecta) assum-

ing that species of the order Coleoptera have zero taxonomic similarity

with Trichoptera species. The index used to calculate the taxonomic

similarities among species was related to that used to calculate taxo-

nomic similarities among stations. For example, for calculating the

index SSokal-Sneath, we used the following index of interspecific similar-

ity: for any two species i and j, rij = a/(a + 2b + 2c) where a = sum of

branch lengths from the nearest common ancestor of the two species i

and j to the root of the tree, b = sum of branch lengths from species i to

this nearest common ancestor and c = sum of branch lengths from spe-

cies j to this nearest common ancestor. Using the same notation, the

indices of interspecific similarity a/(a + b + c), 2a/(2a + b + c) and

a=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðaþ bÞðaþ cÞ

p
were used for calculating SJaccard, SSørensen and

SOchiai, respectively. In general, we suggest the use of consistent indices

for measuring the similarity among species and among communities

since this is allowed by our methodology (Appendix S2). The indices

SSokal-Sneath, SJaccard, SSørensen and SOchiai were then compared with SQ.

For comparing SQ with, say, SSokal-Sneath, we calculated SQ using the

samemeasure of interspecies similarity used for calculating SSokal-Sneath.

The same procedure was used for all pairwise comparisons between SQ

and one of the newly proposedmeasures.

Regarding feeding habits, the affinity of each species to each feeding

category (engulfers, shredders, scrapers, deposit-feeders, active filter-

feeders, passive filter-feeders and piercers) was quantified using a fuzzy

coding approach (Chevenet, Dol!edec & Chessel 1994). The species

affinity for each feeding category was estimated by expert opinion on

an ordinal scale ranging from 0 (no affinity) to 3 (high affinity; Ivol

et al. 1997). The similarity between two species was then calculated

using Table 2, second column, by replacing the vectors of species’ pro-

portions in each community with vectors showing the species relative

affinities for each feeding category. For example, the index SSokal-Sneath
was calculated using the following index of interspecific similarity: for

any two species i and j,

rij ¼
X

k
aikajk=ð2

X
k
a2ik þ 2

X
k
a2jk ! 3

X
k
aikajkÞ eqn 14

where aik and ajk are the relative affinities of species i and j to the kth

feeding category. Using the same notation, the indices of interspecies

similarity rij ¼
P

k aikajk=ð
P

k a
2
ik þ

P
k a

2
jk !

P
k aikajkÞ, rij ¼

2
P

k aikajk=ð
P
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2
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P
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2
jkÞ, and rij ¼

P
k aikajk=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
k a

2
ik

P
k a

2
jk

q

were used for calculating SJaccard, SSørensen and SOchiai, respectively.

These indices were then compared with SQ. For the calculation of SQ,

we used the samemeasure of interspecies similarity used for calculating

the corresponding similarity measures SSokal-Sneath, SJaccard, SSørensen
andSOchiai.

In the second analysis, the behaviour ofSSokal-Sneath,SJaccard,SSørensen
and SOchiai was analysed in more details using the theoretical data in

Fig. 2. We also calculated four different versions of SQ, each with a

differentmeasure of interspecies similarity (for details see Table 3).

We first used the same taxonomy as in the real data set. Next, we dis-

torted it by attributing different branch lengths to the taxonomic levels.

The theoretical communities associated with the taxonomy in Fig. 2

included only the presence/absence of species. Two of them contained

only Coleoptera (communities 1 and 2), while the other two communi-

ties contained Trichoptera only (communities 3 and 4). Each commu-

nity contained a species per family and, when possible (i.e. when more

than one species was represented per family), different species were

attributed to different communities. Taxonomic similarities among

species and among communities were calculated with the same proce-

dure as for the real data set. Only communities 3 and 4 have some

species in common. We thus expected their taxonomic similarity to be

the highest. Because communities 1 and 2 contain Coleoptera only and

communities 3 and 4 Trichoptera only, we expected the similarity of

community 1 (or 2) with community 3 (or 4) to be the lowest. The data

set was designed so that the similarities between communities with

Coleoptera only and communities with Trichoptera only (i.e. commu-

nities 1 9 3, 1 9 4, 2 9 3, and 2 9 4) were all equal.

Fig. 1. Behavior of COMDIST for a small data set composed of four
communities (Com1–Com4). Top left: theoretical phylogenetic tree
with equal branch lengths and species as tips. The height of the tree
(sum of branch lengths on the smallest path between tips and root) was
considered to be unity. An open circle indicates the root node of the
phylogeny. Top right: compositions of the four communities. Close
squares represent species presences. Bottom: Index values of COM-
DIST and six similarity measures among communities (all measures
are calculated with species proportions equal to 1/Ni, where Ni is the
number of species in the ith community). As COMDIST is bounded
between 0 and 1 (because interspecific dissimilarities among species,
themselves varied between 0 and 1), we also included 1-COMDIST
among the similaritymeasures.
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•	
  Lorsque	
  ces	
  foncSons	
  sont	
  testées	
  contre	
  des	
  hypothèses	
  nulles	
  purement	
  spaSales	
  	
  
	
  -­‐	
  risque	
  de	
  confusion	
  entre	
  des	
  processus	
  de	
  dispersion	
  et	
  éco-­‐évoluSfs	
  (i.e.	
  effets	
  d’habitat,	
  compéSSon)	
  
	
  -­‐	
  H0	
  basée	
  sur	
  la	
  randomisaSon	
  des	
  distances	
  entre	
  espèces	
  peut	
  permeYre	
  de	
  lever	
  la	
  confusion	
  

•	
  On	
  peut	
  définir	
  des	
  versions	
  distance-­‐dépendantes	
  de	
  l’entropie	
  quadraSque	
  de	
  Rao	
  
	
  -­‐	
  pour	
  la	
  diversité	
  intra-­‐communauté	
  dans	
  le	
  cadre	
  des	
  processus	
  ponctuels	
  (cartes	
  de	
  points)	
  :	
  KR(r),	
  Kd(r)	
  
	
  -­‐	
  pour	
  la	
  dissimilarité	
  inter-­‐communautés	
  dans	
  le	
  cadre	
  des	
  variogrammes	
  (réseaux	
  d’échanSllons)	
  :	
  VR(r),	
  Vd(r)	
  

•	
  VR(r)	
  diffère	
  des	
  foncSons	
  dérivées	
  des	
  mesures	
  classiques	
  de	
  phylobetadiversité	
  (COMDIST	
  ;	
  Webb	
  et	
  al.	
  2002)	
  

•	
  Kd(r)	
  =	
  KR(r)/KS(r)	
  est	
  équivalente	
  à	
  la	
  foncSon	
  de	
  corrélaSon	
  phylogénéSque	
  de	
  Shen	
  et	
  al.	
  (2013)	
  



Conclusion	
  

MMB	
  2015,	
  MNHN,	
  Paris,	
  T21	
  

•	
  Lorsque	
  ces	
  foncSons	
  sont	
  testées	
  contre	
  des	
  hypothèses	
  nulles	
  purement	
  spaSales	
  :	
  
	
  -­‐	
  risque	
  de	
  confusion	
  entre	
  des	
  processus	
  de	
  dispersion	
  et	
  éco-­‐évoluSfs	
  (i.e.	
  effets	
  d’habitat,	
  compéSSon)	
  
	
  -­‐	
  H0	
  basée	
  sur	
  la	
  randomisaSon	
  des	
  distances	
  entre	
  espèces	
  peut	
  permeYre	
  de	
  lever	
  la	
  confusion	
  

•	
  On	
  peut	
  définir	
  des	
  versions	
  distance-­‐dépendantes	
  de	
  l’entropie	
  quadraSque	
  de	
  Rao	
  :	
  
	
  -­‐	
  pour	
  la	
  diversité	
  intra-­‐communauté	
  dans	
  le	
  cadre	
  des	
  processus	
  ponctuels	
  (cartes	
  de	
  points)	
  :	
  KR(r),	
  Kd(r)	
  
	
  -­‐	
  pour	
  la	
  dissimilarité	
  inter-­‐communautés	
  dans	
  le	
  cadre	
  des	
  variogrammes	
  (réseaux	
  d’échanSllons)	
  :	
  VR(r),	
  Vd(r)	
  

•	
  VR(r)	
  diffère	
  des	
  foncSons	
  dérivées	
  des	
  mesures	
  classiques	
  de	
  phylobetadiversité	
  (COMDIST	
  ;	
  Webb	
  et	
  al.	
  2002)	
  

•	
  Kd(r)	
  =	
  KR(r)/KS(r)	
  est	
  équivalente	
  à	
  la	
  foncSon	
  de	
  corrélaSon	
  phylogénéSque	
  de	
  Shen	
  et	
  al.	
  (2013)	
  

Perspec)ves	
  

•	
  Les	
  propriétés	
  d’addiSvité	
  de	
  l’entropie	
  quadraSque	
  de	
  Rao	
  permeYent	
  d’envisager	
  des	
  décomposiSons	
  spaSales	
  :	
  
	
  -­‐	
  de	
  la	
  diversité	
  expliquée	
  (ou	
  non)	
  par	
  des	
  variables	
  externes	
  (ANODIV,	
  APQE	
  ;	
  Rao	
  1982b,	
  Pavoine	
  2014)	
  	
  
	
  -­‐	
  de	
  la	
  diversité	
  projetée	
  sur	
  des	
  axes	
  d’ordinaSon	
  (MSO,	
  DPCoA	
  ;	
  Pavoine	
  et	
  al.	
  2004,	
  Couteron	
  &	
  Ollier,	
  2005).	
  

•	
  Puissance	
  des	
  tests	
  de	
  randomisaSon	
  des	
  distances	
  entre	
  espèces	
  reste	
  à	
  étudier	
  :	
  
	
  -­‐	
  /	
  randomisaSons	
  restreintes	
  à	
  certains	
  clades,	
  aux	
  espèces	
  abondantes,	
  etc.	
  (cf.	
  Hardy	
  2008)	
  
	
  -­‐	
  /	
  l’échanSllonnage	
  spaSal	
  de	
  processus	
  conSnus,	
  à	
  la	
  structure	
  de	
  l’habitat,	
  etc.	
  (VR(r))	
  

•	
  VR(r)	
  permet	
  également	
  de	
  décomposer	
  la	
  dissimilarité	
  de	
  Rao	
  :	
  
	
  -­‐	
  le	
  long	
  d’un	
  gradient	
  environnemental	
  (e.g.	
  gradient	
  pluviométrique)	
  
	
  -­‐	
  à	
  différentes	
  profondeurs	
  dans	
  une	
  phylogénie	
  (Pavoine	
  2005,	
  Hardy	
  et	
  al.	
  2012)	
  



Packages:	
  ade4	
   (Dray	
  et	
  al.	
  2013),	
  ads	
   (Pélissier	
  &	
  Goreaud	
  2015),	
  ape	
   (Paradis	
  et	
  al.	
  2014),	
  cluster	
   (Maechler	
  et	
  al.	
  
2014),	
  picante	
  (Kembel	
  et	
  al.	
  2014),	
  sce	
  (Shen	
  2013),	
  spacodiR	
  (Eastman	
  et	
  al.	
  2013),	
  spatstat	
  (Baddeley	
  et	
  al.	
  2014)	
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λjgij(r)	
  =	
  E(#	
  voisins	
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  l’espèce	
  j	
  
	
   	
  à	
  r	
  ±	
  ε 	
  de	
  l’espèce	
  i)	
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r	
  ±	
  ε	
  
	
  

r	
  

λjKij(r)	
  =	
  E(#	
  voisins	
  de	
  l’espèce	
  j	
  
	
   	
   	
  dans	
  un	
  rayon	
  r	
  de	
  l’espèce	
  i)	
  

gij(r)	
  =	
  E(deux	
  individus	
  à	
  distance	
  r	
  ±	
  δ	
  hétérospecifiques)	
  

Rq.	
  Si	
  ε	
  est	
  tel	
  que	
  gij(r)	
  est	
  calculé	
  pour	
  des	
  anneaux	
  concentriques,	
  Kij(r)	
  est	
  la	
  version	
  cumulaSve	
  de	
  gij(r)	
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•	
  si	
  δij	
  uniforme	
  =>	
  diversité	
  de	
  Simpson	
  (Shimatani	
  2001)	
  


