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 Résumé

est un préalable nécessaire à la compréhension de l’érosion de la biodiversité actuelle. En étudiant les 

1998, 2008

 ;

a posteriori, sur la base de données d’occurrences 

échantillonnées

 ? 

 répondre à cette question, 

Clarke 1993

 ; 

à l’histoire évolutive des mammifères cénozoïques nord-américains. Finalement, les résultats obtenus 

permettent d’identifier différentes perspectives 
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 ; Freckleton 2003
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1988 Alvarez et al. 1979
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Jablonski et al. 2003
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2005
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détaillée dans le Chapitre 1.V

ce travail, 
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- 24 -

- Chapitre 3

 A. 
Chapitre 2

 ; Raup 1972, 1991 ; Sepkoski 1978, 1993 

, 2010

Foote 2001 ; Smith et al. 2001 ; Crampton et al. 2003 , ou le nombre 

Alroy et al. 2008 ; 

Benton 2010 ; Benton et al. 2011
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1997 ; Bell 2001
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Woodburne 
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Chapitre 1

 décrites 

Janis et al. 1998, 2008

1  

développés. Ces informations fournissent le cadre à la construction d

chapitres 2 et 3. 

I. 

L’intervalle tempo

 

débute à la crise Crétacé- Renne et al. 2013

Kurten 1971

 ; 

Archibald 2005 ; Bininda-Emonds 2007

1994 ;

1998, 2008

ée  North American Land 

 ; Woodburne 2012

 

à l’échelle continentale

2002 ; Woodburne et al. 2009
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établir les limites 

 ; ce sont des biozones 

Woodburne 

2012

et de leurs sous-divisions sont des 
40 40Ar et 40 39

comparaison des séries sédimentaires marines

La base de données ainsi que les études décrites dans le reste du manuscrit se basent sur l’échelle 

 

seconde étude présentée dans le Chapitre 3  
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 II. 

Nord durant le Cénozoïque, nécessaire à la discussion des résultats du Chapitre 3.

 A.  

L’évolu

à 

Bird 2002 ; Schellart et al. 2010

é
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; Bird 1988 ; Bird 2002 ; Schellart et al. 2010

nt encore une majorité du 

 

 

 ; Schellart et al. 2010

élevées de l’Eocène vont provoquer la montée du niveau marin et 



Chapitre 1

ébuté à

va provoquer le phénomène inverse

vont entrainer des terranes comme le bloc Salinien

Luyendyk et al. 1980 ; Beck 1983 ; Luyendyk 1991

Sieh 1978

 
 B. 

Schellart et al. 2010

Eaton 1980, 1982

A B C D E
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 ; 

1993

2015

Finalement, à l’échelle du Cénozoïque

des faunes de mammifères d’Amérique du 

Nord

nord-américaine. 

 III. 

 A. 

2 atmosphérique 

 320-280
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à la suite du refroidissement à

al. 2001 ; Jenkyns 2003

2. 

éthysienne était recouverte d’une épaisseur importante de sédiments riches 

en carbonates. Ces derniers se sont indien à travers la ceinture 

2

2008

2 

2 

é

2008

2 Ruddiman et al. 1997

Hambrey et al. 1991
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 B. 

2012 ; 

al. 2011 18

 ; ainsi, la comparaison d’une courbe 

Alroy et al. 2000

 à l’échelle 

l’Est des Rocheuses.

 ; 

Tschudy 1973, 1975 ; 

Smith et al. 

1981

1992
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Wolfe 

équivalentes 

12 m3 

Svensen et al. 

 

Kurtz et al. 2003

instantané Thomas et al. 

2002

 

Eocène

Chapitre 1.III
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Wolfe 

1978, 1985

Frederiksen 1994

dominées par des 

ères et de 

feuillus s’installe

2
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Smith et al. 2010
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Turner et al. 2014
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13 Bohaty 

2 injecté dans l’atmosphère par métamorphisme des sédiments océaniques carbonatés lors 

2003

2

Chapitre 1.III.A

Hambrey et al. 1991

Wolfe 1978

Wolfe 1978, 1992

Wolfe 1987, 1992

Wolfe 1978, 1992

Frederiksen 1981
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7 ; 

Wolfe 1992

Lindsey et al. 1980

Wolfe 1981

Metasequoia, , 

Cercidiphyllum, et 

Wolfe 1977

é

climat mondial démarrée à l’Eocène moyen va reprendre et perdurer jusqu’à nos jours. En Amérique du 
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Sciadopitys Pterocarya 

 ;

1992

l’ouverture des environnements depuis l’Eocène et la mise en place d’une savane herbeuse proche des 

1985
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Janis et al. 2002, 2004

 ;

Wolfe 1994

Hickey et al. 1988

Wolfe 1994

de 1 ‰ du 18 13

 ; Warny et al. 2009 ; 

Barry et al. 2013

terrestre est 

de l’océan Téthys. Ce courant océanique transporte alors la chaleur des basses latitudes directement 

Component Water ou SCW ; Robinson et al. 2010

2008
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Hodell et al. 1992
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 IV. 
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et al. 1998, 2008 Chapitre 1.V

1998, 2008

de mammifères nord-américains. Une histoire des mammifères nord-américains présentée de manière 
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La structure de ce chapitre s’appuie sur l’ 2012
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fauniques successives au sein des mammifères terrestres d’Amérique du Nord au cours de l’ensemble 

Chapitre 1.III
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Blackburn et al. 1999 ; Ashton et al. 2000 ; Freckleton et al. 2003 ; 

Webb 1977 ; 

2009 ; Blois et al. 2013

1998, 2000

2012

des spécimens ne varie pas au cours du dernier maximum glaciaire.
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Chapitre 1.III.B
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et al. 2011 2012
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le Cénozoïque nord-américain, faunes
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recherche a priori de lien entre le climat et les faunes de mammifères, mais une conclusion construite 

 ;  ; Brayard et al. 2009
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 V La base de données des mammifères nord-américains
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 I. 

 C’est à la fin du XVIIIème

disparus. En démontrant que certaines formes fossilisées ne correspondaient à aucun animal connu en 

 ; à 

la découverte de centaines de 

 ; Sepkoski 

1982, 1992 ; Janis et al. 1998, 2008 ; Sepkoski et al. 2002 ; 

XXème

; Sepkoski 1978, 1993, 2002 ; Sepkoski et al. 1981 ;

1982

Jablonski et al. 2003

 qu’elle montre que l’histoire 
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Raup 

1992
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Vrba 1993 

et al. 2011
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al. 2011

 A. Biais dépendant du temps

 

 ; Benton et al. 2011
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 ;

Foote 2000
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Table 1 and detailed 

T, N, and M Table 1; 

Fig. 2

1973

i Li 

T 10, 50, 100, 200 myr total length of the simulated time interval 
N 100, 500, 1000, 5000 taxa number of simulated taxa 
M 1, 5, 10, 15 myr mean of the negative exponential distribution of taxon longevity 
D 0.5, 1.325, 3.5, 5.4 myr mean of the negative exponential distribution of biozone duration 
A 0, 2/3, 1, 2, 3 Parameter controlling for the strength of concentration of original origination and 

extinction events around biozone boundaries 
C 0, 1, 2, 4 Parameter controlling for the strength of concentration of reconstructed origination 

and extinction events around biozone boundaries 
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Where , Xoi, Xdi and Xri i for the 
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based on the parameter values listed in Table 1.
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Results
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T, N, M, D, A, C

vs vs  

 

S2-S18 Annexe 2

T, N, M, D

T, N, M, D

 

T, N, M, D} 

A  C

A, C

T, N, M, D

Fig. 5, Figs. S2, S3, Table S1-S3 Figs. S4-S6, Table S4-

Dataset T 
(myr) 

N (Nb. 
taxa) 

M 
(myr) 

D 
(myr) 

Data source 

Mesozoic Radiolarian genera 188 593 26.7 2.8 O’Dogherty et al. 
(2009) 

Mesozoic and Cenozoic bird genera 175 730 7.4 5.4 Paleobiology database 
Cenozoic terrestrial mammal genera of 
North America 

65 1230 5 1.325 Janis et al. (1998, 
2008) 

Paleogene mammal phyletic lineages from 
the Quercy and Limagne area, France 

16 330 2.4 0.95 Escarguel and 
Legendre (2006), 
Escarguel et al. (2008) 
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Central 
Plain Plain 

Southern California 
and central coast 

1.1 15 15 0 4 0 0 0
Torrejonian 3 7 9 0 9 0 0 0

4.9 27 27 2 0 0 0
Clarkforkian 1 15 0 0 2 0 0 0
Wasatchian 48 1 0 0 0 0

3.8 25 3 1 2 0 0 0
Uintan 15 4 0 7 1 17 2

3.2 7 10 1 7 0 8 2
Chadronian 3.2 20 27 1 7 1 1 1

1.7 9 11 0 1 0 0 0
Whitneyan 2 10 5 0 1 0 0 0
Arikareean

7 21 9 1 2 13 8 5

Arikareean 4.2 15 12 2 2 3 7

2.8 23 5 9 8 2 12 11
Barstovian 3.4 31 10 17 12 11 9 11

Clarendonian 20 4 12 12 3 14
Hemphillian 4.2 23 4 19 27 17 11 15

3.05 33 0 15 21 22
E. Blancan 2.3 0 10 33 4 3
L. Blancan 20 0 31 2 9 15

0.15 1 0 1 3 0 1 5
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Fig. S2a T

Fig. S2b T, M, D N directly increases the 

N, M, D} 
T directly increases the number of successive biozones, and therefore decreases 

N and T
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UTB Fig. S3 D or N parameters leads to a marked decrease 

UTB

M or T 

UTB D or M UTB closely 
Fig. S3a, b

UTB N or T also 

UTB not
Fig. S2c, d Fig. S3c, d

UTB

A
events around the biozone boundaries in the Fig. S7; Table S7, S10 A Fig. S8; Table 
S7, S10 A

D

role of D
D

D A
D and T 

N M
N over D A

N
vs

D A
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Fig. 7, Fig. S9, Table S8, S9
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Evaluating the accuracy of biodiversity changes through geological times: 
from simulation to solution

Corentin Gibert and Gilles Escarguel

DOI : https://doi.org/10.1017/pab.2017.10

SUPPLEMENTARY MATERIAL S2. R Function

S2.1. ContinuousTime.random function

Description

Based on a presence/absence matrix, the function allows the back-transformation of this discretized data-
set into a reconstructed continuous-time dataset. The function generates plots of taxonomic richness and 
Foote’s taxonomic rates variation through time and a list of the 3 different (richness, origination p rate and 
extinction q 

Arguments

The following R function requires only 2 arguments (data and Time): 

data a presence/absence (and numerical) matrix with taxa in rows and time intervals/biozones in col-
umns. The presence of a taxa need to be coded by 1 and its absence by 0, no other characters (like 
“?” or “x”) are supported. No need of column or row names.

Time a numerical vector of time intervals/biozones ages. Ages need to be positive.

Chosen_bootstrap number of iteration used in bootstrapping process, default is 1000

plot  a TRUE or FALSE statement indicating if plots need to be produced, default is TRUE. 

NoSingle a TRUE of FALSE statement indicating if single-biozone taxa need to be used or not, default is FALSE 
(single-biozone taxa are used, longer processing time)

The number of numerical ages stored in (Time) vector need to exceed the number of columns of the pres-
ence/absence matrix by 1. Time vector stores the ages of upper and lower boundaries of every biozone.

Details

In the returned list UTB is the length of the uniform time bins (UTB) used to reconstruct datasets and 
time series, it is computed with the help of D the mean time intervals/biozones duration. Top and Bottom 
returned vector are 95 % upper and lower limits, respectively, of the corresponding continuous-time me-
dian taxonomic richness time series or Foote’s taxonomic rates time series. 

Singletons are included in the computation of taxonomic richness variation. 

Example

CT.rand  ContinuousTime.random(data=pre_abs.matrix, Time=time.vector, NoSingle = TRUE)

Where “pre_abs.matrix” is the presence/absence matrix with taxa in rows and time intervals/biozones in 
columns, “time.vector” is a numerical vector including the top and the bottom ages of each time intervals/
biozones. “time.vector” need to be longer by 1 number than the number of columns in “pre_abs.matrix” 
and positive.
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i.e. for a Cenozoic dataset it should be time.vector num [1:…] 66 61.6 59.2 56 […] 0

In this example, singletons are excluded.

R Function
ContinuousTime.random <- function(data, Time, Chosen_bootstrap = 1000, plot = TRUE, NoSingle = 
FALSE){
#data = Presence/absence matrix with taxa in rows and time interval in columns, Time = numerical vector 
of ages of time intervals boundaries
#if(length(Time) <= length(data[1,]))
  AppOld <- c()
  DispOld <- c()
  Time <- sort(Time, decreasing = TRUE)
  
#Removal of the singleton taxa
  Single_Lines <- apply(data, 1, sum)
  Pos_Lines <- Single_Lines == 1
  Delet_Lines <- c()
  if(NoSingle == TRUE)
  {
    for(i in 1:length(Pos_Lines))
    {
      if(Pos_Lines[i] == TRUE)
      {
        Delet_Lines <- c(Delet_Lines, i)
      }
    }
    
  data <- data[-Delet_Lines,]
  }
  
  for(i in 1:(length(data[,1])))
  {
    MatApp <- c()
    MatDisp <- c()
    
    for(j in 1:(length(data[1,])))
    {
      if(data[i,j] == 1)
      {
        MatApp <- c(MatApp, Time[j])
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        MatDisp <- c(MatDisp, Time[j+1])
      }
    }
    AppOld <- c(AppOld, max(MatApp))      #Original discretized-time origination age
    DispOld <- c(DispOld, min(MatDisp))     #Original discretized-time discretization age
  }
#Extraction of the beginning and the end of time series
  Begin <- ceiling(max(Time))

  
#(T) Extraction of the total length of the studied time interval
  T <- Begin - End
  
#(D) Extraction of mean discretized temporal zones duration
  Tm <- c() 
  for(i in 1:((length(Time)) - 1))
  {
    Tm <- c(Tm, mean(Time[i] - Time[i+1]))
  }
  D <- mean(Tm)
  
#Computation of the UTB (Uniform Time bins) duration based on mean zones duration (D)
  if(D > 2){UTB <- 2}
  if(D >= 1 & D <= 2){UTB <- 1}
  if(D < 1){UTB <- 0.1}
  
#Computation of the UTB vector
  Tutb <- seq(from = End, to = Begin, by = UTB)
  
#Computation of the number of UTB necessary to compute the Monte Carlo matrix based on T
  Nutb <- ceiling(T/UTB)
  
  if(UTB == 2)
  {
    if (((T/UTB)/2) != ceiling(((T/UTB)/2)))
    {
      Tutb <- c(Tutb, (max(Tutb)) + 2)
    }
  }
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  Tutb <- rev(Tutb) 
  
#Bootstrap matrix _ sorted from past to present
  matrixBootstrap <- matrix(nrow=Chosen_bootstrap, ncol=Nutb)
  matrixBootNbt <- matrix(nrow=Chosen_bootstrap, ncol=Nutb)
  matrixBootNFt <- matrix(nrow=Chosen_bootstrap, ncol=Nutb)
  matrixBootNbL <- matrix(nrow=Chosen_bootstrap, ncol=Nutb)
#Beginning of the bootstrap loop
  for(k in 1:Chosen_bootstrap){
    print(k)
    matTemp <- matrix(nrow=length(data[,1]), ncol=Nutb, data = 0)
    vecNbttemp <- rep(0, Nutb)
    vecNFttemp <- rep(0, Nutb)
    vecNbLtemp <- rep(0, Nutb)
    
    AppNew <- c()
    DispNew <- c()
    for(i in 1:length(data[,1]))
    {
      repeat{
        An <- sample(1:100, 1)
        Dn <- sample(0:99, 1)
        
        for(j in 1:((length(Time))-1))
        {
          #Computation of reconstructed continuous-time new origination and extinction ages for each taxa
          if(AppOld[i] == Time[j])
          {
            AppNew <- c(AppNew, ((((Time[j] - Time[j+1])*An)/100) + Time[j+1]))      }
          if(DispOld[i] == Time[j+1])
          {
            DispNew <- c(DispNew, ((((Time[j] - Time[j+1])*Dn)/100) + Time[j+1]))
          }
        }
        #End of the repeat loop if new random continuous-time origination age is still older than the new 
random extinction age
        if(AppNew[i] > DispNew[i]){break}
        AppNew <- AppNew[-i]
        DispNew <- DispNew[-i]
      }  }
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    #Construction of a new presence/absence matrix through total length in UTB
    for(i in 1:length(data[,1]))
    {
      for(j in 1:Nutb)
      {
        if(AppNew[i] <= Tutb[j] & DispNew[i] < Tutb[j] & AppNew[i] > Tutb[j+1])
        {
          matTemp[i, j] <- 1
        }
        if(AppNew[i] > Tutb[j] & DispNew[i] < Tutb[j+1])
        {
          matTemp[i, j] <- 1
        }
        if(DispNew[i] < Tutb[j] & DispNew[i] >= Tutb[j+1])
        {
          matTemp[i, j] <- 1
        }
      }
    }
    
    #Computation of the number of taxa in each UTB
    sumMatTemp <- apply(matTemp, 2, sum)
    matrixBootstrap[k,] <- sumMatTemp
    
    #Computation of Foote s rates components: Nft, NbL, NFt
    
    for(z in 2:((length(matTemp[1,]))-1))
    {
      for(y in 1:length(matTemp[,1]))
      {
        if(matTemp[y,z] == 1 & matTemp[y,(z-1)] == 0 & matTemp[y, (z+1)] == 1)
        {
          vecNFttemp[z] <- vecNFttemp[z] + 1
        }
        if(matTemp[y,z] == 1 & matTemp[y,(z-1)] == 1 & matTemp[y, (z+1)] == 0)
        {
          vecNbLtemp[z] <- vecNbLtemp[z] + 1
        }
        if(matTemp[y,z] == 1 & matTemp[y,(z-1)] == 1 & matTemp[y, (z+1)] == 1)
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        {
          vecNbttemp[z] <- vecNbttemp[z] + 1
        }
      }
    }
    
    matrixBootNFt[k,] <- vecNFttemp
    matrixBootNbL[k,] <- vecNbLtemp
    matrixBootNbt[k,] <- vecNbttemp
    
  }
  
  ValueMed <- round(Chosen_bootstrap/2)
  ValueBot <- round(Chosen_bootstrap*0.025)
  ValueTop <- round(Chosen_bootstrap*0.975)
  

-
val (95%)
  matrixSorted <- apply(matrixBootstrap, 2, sort)
  MedianRichness <- matrixSorted[ValueMed,]
  BottomRichness <- matrixSorted[ValueBot,]
  TopRichness <- matrixSorted[ValueTop,]

interval (95%)
  matrixNFtSorted <- apply(matrixBootNFt, 2, sort)
  MedianNFt <- matrixNFtSorted[ValueMed,]
  BottomNFt <- matrixNFtSorted[ValueBot,]
  TopNFt <- matrixNFtSorted[ValueTop,]
  
  matrixNbLSorted <- apply(matrixBootNbL, 2, sort)
  MedianNbL <- matrixNbLSorted[ValueMed,]
  BottomNbL <- matrixNbLSorted[ValueBot,]
  TopNbL <- matrixNbLSorted[ValueTop,]
  
  matrixNbtSorted <- apply(matrixBootNbt, 2, sort)
  MedianNbt <- matrixNbtSorted[ValueMed,]
  BottomNbt <- matrixNbtSorted[ValueBot,]
  TopNbt <- matrixNbtSorted[ValueTop,]
  
  MedianRatesP <- c()
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  MedianRatesQ <- c()
  BottomRatesP <- c()
  BottomRatesQ <- c()
  TopRatesP <- c()
  TopRatesQ <- c()
  for(w in 2:((length(MedianNbt))-1))
  {
    if(MedianNbt[w] != 0)
    {
      CalTemp <- (MedianNbt[w]/(MedianNbt[w]+MedianNFt[w]))
      CalTemp <- -log(CalTemp)
      CalTemp <- CalTemp/UTB
      MedianRatesP <- c(MedianRatesP, CalTemp)
      
      CalTemp <- (MedianNbt[w]/(MedianNbt[w]+MedianNbL[w]))
      CalTemp <- -log(CalTemp)
      CalTemp <- CalTemp/UTB
      MedianRatesQ <- c(MedianRatesQ, CalTemp)
    }
    if(BottomNbt[w] != 0)
    {
      CalTemp <- (BottomNbt[w]/(BottomNbt[w]+BottomNFt[w]))
      CalTemp <- -log(CalTemp)
      CalTemp <- CalTemp/UTB
      BottomRatesP <- c(BottomRatesP, CalTemp)
      
      CalTemp <- (BottomNbt[w]/(BottomNbt[w]+BottomNbL[w]))
      CalTemp <- -log(CalTemp)
      CalTemp <- CalTemp/UTB
      BottomRatesQ <- c(BottomRatesQ, CalTemp)
    }
    if(TopNbt[w] != 0)
    {
      CalTemp <- (TopNbt[w]/(TopNbt[w]+TopNFt[w]))
      CalTemp <- -log(CalTemp)
      CalTemp <- CalTemp/UTB
      TopRatesP <- c(TopRatesP, CalTemp)
      
      CalTemp <- (TopNbt[w]/(TopNbt[w]+TopNbL[w]))
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      CalTemp <- -log(CalTemp)
      CalTemp <- CalTemp/UTB
      TopRatesQ <- c(TopRatesQ, CalTemp)
    }  
  }
  if(plot == TRUE){
    #Plot components computation
    AxisX <- Tutb[-1]
    AxisXrates <- Tutb[-1]
    AxisXrates <- AxisXrates[-length(AxisXrates)]
    AxisAt <- c(1:length(AxisX))
    AxisAtrates <- c(1:length(AxisXrates))
    #Plot of reconstructed continuous-time taxonomic richness time series & taxonomic Foote s rates time 

    #Richness
    plot(MedianRichness, type = “l”, col = “green3”, lwd = 3, xaxt = “n”, ylab = “Nb. of taxa”, xlab = 
“Time (Ma)”)
    axis(1, at=AxisAt, labels=AxisX, lwd = 0.5)
    lines(BottomRichness, type = “l”, col = “green2”, lwd = 2, lty = 2)
    lines(TopRichness, type = “l”, col = “green2”, lwd = 2, lty = 2)
    title(“Reconstructed continuous-time taxonomic richness time series”)
    #Origination rates (p)
    plot(MedianRatesP, type = “l”, col = “blue4”, lwd = 3, xaxt = “n”, ylab = “Origination rates”, xlab = 
“Time (Ma)”)
    axis(1, at=AxisAtrates, labels=AxisXrates, lwd = 0.5)
    lines(BottomRatesP, type = “l”, col = “blue2”, lwd = 2, lty = 2)
    lines(TopRatesP, type = “l”, col = “blue2”, lwd = 2, lty = 2)
    title(“Reconstructed continuous-time taxonomic Foote (origination) rates time series”)
    #Extinction rates (q)
    plot(MedianRatesQ, type = “l”, col = “Red4”, lwd = 3, xaxt = “n”, ylab = “Extinction rates”, xlab = 
“Time (Ma)”)
    lines(BottomRatesQ, type = “l”, col = “Red2”, lwd = 2, lty = 2)
    lines(TopRatesQ, type = “l”, col = “Red2”, lwd = 2, lty = 2)
    axis(1, at=AxisAtrates, labels=AxisXrates, lwd = 0.5)
    title(“Reconstructed continuous-time taxonomic Foote (extinction) rates time series”)
    #Both rates (p & q)
    plot(MedianRatesQ, type = “l”, col = “Red4”, lwd = 3, xaxt = “n”, ylab = “Origination & Extinction 
rates”, xlab = “Time (Ma)”)
    lines(BottomRatesQ, type = “l”, col = “Red2”, lwd = 2, lty = 2)
    lines(TopRatesQ, type = “l”, col = “Red2”, lwd = 2, lty = 2)
    lines(MedianRatesP, type = “l”, col = “blue4”, lwd = 3)
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    lines(BottomRatesP, type = “l”, col = “blue2”, lwd = 2, lty = 2)
    lines(TopRatesP, type = “l”, col = “blue2”, lwd = 2, lty = 2)  
    axis(1, at=AxisAtrates, labels=AxisXrates, lwd = 0.5)
    legend(x = “top”, legend = c(“Origination rates”, “Extinction rates”), col=c(“blue4”, “red4”), pch 
=c(15,15), bty = “n”)
    title(“Reconstructed continuous-time taxonomic Foote (p & q) rates time series”)
  }
  #return of every vectors used for the construction of taxonomic richness and rates time series and their 

  ListEnd <- list(MeanIntervalDuration = D, UTB = UTB , XAxis = AxisX ,MedianRichness = Median-
Richness, BottomRichness = BottomRichness, TopRichness = TopRichness, MedianP = MedianRatesP, 
BottomP = BottomRatesP, TopP = TopRatesP, MedianQ = MedianRatesQ, BottomQ = BottomRatesQ, 
TopQ = TopRatesQ)

  return(ListEnd)}
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ANOSIM sur l'ensemble -> p : 0,0001  et R = 0,168

CP NB SB NP CC GC PN
CP 0,01547 0,1532 0,03974 0,00117 0,009991 0,007521
NB 0,01547 0,006101 0,03286 0,02264 0,0009301 0,04045
SB 0,1532 0,006101 0,0008401 0,0006401 1,00E-05 2,00E-05
NP 0,03974 0,03286 0,0008401 0,00183 0,00012 0,03661
CC 0,00117 0,02264 0,0006401 0,00183 0,00011 0,00011
GC 0,009991 0,0009301 1,00E-05 0,00012 0,00011 0,0006201
PN 0,007521 0,04045 2,00E-05 0,03661 0,00011 0,0006201

CP NB SB NP CC GC PN
CP 0,1062 0,06291 0,1325 0,2249 0,1654 0,1708
NB 0,1062 0,1548 0,117 0,1416 0,223 0,09935
SB 0,06291 0,1548 0,2225 0,3168 0,3258 0,311
NP 0,1325 0,117 0,2225 0,2719 0,3043 0,09636
CC 0,2249 0,1416 0,3168 0,2719 0,4303 0,3067
GC 0,1654 0,223 0,3258 0,3043 0,4303 0,264
PN 0,1708 0,09935 0,311 0,09636 0,3067 0,264

BARSTOVIAN

p-value

R value
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ANOSIM sur l'ensemble -> p : 0,0001  et R = 0,1973

p-value
CP NB SB CC GC PN

CP 0,0213 0,0023 0,0228 0,0001 0,6
NB 0,0213 0,0007 0,0286 0,0001 0,6178
SB 0,0023 0,0007 0,0027 0,0001 0,0644
CC 0,0228 0,0286 0,0027 0,0001 0,6115
GC 0,0001 0,0001 0,0001 0,0001 0,0003
PN 0,6 0,6178 0,0644 0,6115 0,0003

R value
CP NB SB CC GC PN

CP 0,1203 0,108 0,08586 0,2845 -0,03248
NB 0,1203 0,227 0,07698 0,5275 -0,03502
SB 0,108 0,227 0,1739 0,2431 0,1645
CC 0,08586 0,07698 0,1739 0,4855 -0,03026
GC 0,2845 0,5275 0,2431 0,4855 0,5599
PN -0,03248 -0,03502 0,1645 -0,03026 0,5599

BLANCAN
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0.88 0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs PN 

0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs NB 
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0.88 0.90 0.92 0.94 0.96

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs NP 

0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

NP vs PN
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0.92 0.93 0.94 0.95 0.96 0.97 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

NB vs PN

0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

NB vs SB
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0.92 0.93 0.94 0.95 0.96 0.97 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

SB vs GC

0.88 0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs GC
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0.93 0.94 0.95 0.96 0.97 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CC vs PN

0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

NB vs CC
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0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

SB vs CC

0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs GC
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0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs NB

0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

CP vs SB
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0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

NB vs CC

0.86 0.88 0.90 0.92 0.94 0.96

Niche x Dispersal

Niche

Dispersal

Pielou index

NB vs SB
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0.86 0.88 0.90 0.92 0.94 0.96

Niche x Dispersal

Niche

Dispersal

Pielou index

SB vs CC

0.90 0.92 0.94 0.96 0.98

Niche x Dispersal

Niche

Dispersal

Pielou index

SB vs GC
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p-value cluster 1 cluster 2 cluster 3 cluster 4

cluster 1 0

cluster 2 0.0015 0

cluster 3 0.1445 0.1385 0

cluster 4 0.2303 0.0209 0.1812 0

R-value cluster 1 cluster 2 cluster 3 cluster 4

cluster 1 0

cluster 2 0

cluster 3 0.1309 0.1349 0

cluster 4 0.1905 0
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INSIDE SOUTH BASIN. 
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