
Biodiversity isn't just species 
•  Biodiversity is the whole tree of life, not just the named 

species.   
•  There are clades smaller and larger than the traditional 

species level.   
•  Species are not comparable between lineages in any 

manner, just an arbitrary cut-off somewhere along a 
branch in the tree of life. 
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Phylogenetic	diversity	

•  Traditional	metric:	species	richness	
•  Alternative	metric:	phylogenetic	diversity	(PD)	

Measuring	biodiversity	

Endemism isn't just species, either	
•  Likewise, endemism is not just about species, even 

though virtually all studies on endemism to the 
present focus solely on species.  	

•  Clades at all levels can be endemic to a greater or 
lesser extent, and all levels are relevant to discovery 
and evaluation of centers of endemism.  	

•  Endemism, rather than being species-centric, should 
be more broadly defined to mean the geographic 
rarity of that portion of a phylogenetic tree found in 
a given area. 	

•  Thus for a full understanding of diversity and 
endemism, we need to look at the whole tree.	

1. Two important measures to contrast with standard species 
diversity and endemism:	

•  PD = phylogenetic diversity, the portion of a phylogenetic 
tree present in a site.	
•  PE = phylogenetic endemism, PD weighted by how 
common those branches of the tree are elsewhere in the 
region.	

2. Two derived measures that are proving to be powerful:	
•  RPD = relative phylogenetic diversity, the ratio of PD to a 
null hypothesis based on the numbers of terminals present.	
•  RPE = relative phylogenetic endemism, the ratio of PE to 
null hypothesis based on the endemism of terminals present.	

[significance of both is tested with a randomization approach]	

Methods for studying 	
phylogenetic diversity and endemism:	

Biodiverse software (http://www.purl.org/biodiverse) 

Actual	Tree,	with	random		
selec4ons	of	three	terminals	
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How	is	PD	calculated?	
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Actual	Tree	again,	with	
unmodified	branch	lengths,	
showing	the	range	size	of	
terminal	taxa	in	red	
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Actual	Tree,	but	range-
weighted,	i.e.,	with	each	
branch	length	divided	by	
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How	is	PE	calculated?	

So	PE	is	PD	of	a	range-weighted	tree!		



Need	for	hypothesis	tests:	raw	values	do	not	tell		
us	much,	unless	we	understand	how	much	to	expect.	

An example, Acacia in Australia 	
from: Mishler, B. D., N. Knerr, C. E. González-Orozco, A.H. Thornhill, S.W. Laffan, and J.T. 
Miller. (in press) Phylogenetic Approaches to Biodiversity, Endemism, and Conservation: 	
an Application to Australian Acacia, Nature Communications. 	

Our	randomiza4on	method	uses	random	reassignments	of	the	same	
number	of	terminal	taxa	to	a	grid	cell	without	replacement	(thus	
keeping	constant	the	total	number	of	grid	cells	each	species	occurs	in,	
and	the	richness	of	each	grid	cell),	for	999	trials.		

Illustration of RPD and RPE	
PD on the range-weighted original tree	

PD on a range-weighted comparison tree 	
with all branch lengths equal	

RPE (relative phylogenetic endemism) = 	

original tree	 range-weighted original 
tree	

comparison tree	 range-weighted comparison tree	

PD on the original tree	
PD on a comparison tree with 	

all branch lengths equal	

RPD (relative phylogenetic diversity)= 	
•  Significantly high and low PD locations may have an ecological explanation.	

–  “Phylogenetic over-dispersion” (blue here) might be a result of competitive 
exclusion, if close relatives exclude each other.   	

–  “Phylogenetic clustering" (red here) might indicate that certain major clades 
have evolutionarily conservative habitat preferences and thus close relatives 
co-occur. 	

An example in Australian Acacia:	

•  Significantly high and low RPD locations are more likely to relate to 
biogeographic and evolutionary processes.  	
–  A significant concentration of long branches (blue here) could indicate the 

presence of a refugium, or perhaps could result from occurrence of a few 
members of clades that mainly occur outside of the study region. 	

–  A significant concentration of short branches (red here) could indicate an 
area of recent evolutionary divergence of 	

    lineages. 	

An example in Australian Acacia:	

CANAPE: Categorical Analysis of �
Neo- And Paleo-Endemism�

	
•   Using RPE to find and classify centers of 

endemism.	
•  Remember, RPE is ratio of PE on the actual tree to 

PE on the null tree.	
•  There is a two-step process: 	
•  First, to determine if a place is a center of 

significantly high endemism, a grid cell needs to be 
significantly high (one-tailed test) in either the 
numerator, the denominator, or both.  	



•  Second, if (and only if) a grid cell passes one of 
those tests, then we divide the centers of endemism 
into three meaningful, non-overlapping categories: 	

•  if a point is significantly high or low in RPE (two-
tailed test), then it is a center of paleo-endemism or 
neo-endemism respectively.	

•  When the ratio is neither significantly high nor low, 
then it is a center of mixed endemism, the 
interpretation being that there is some unknown 
mixture of lengths of range-restricted branches in 
that location that is not dominated by either neo-
endemism or paleo-endemism. 	

CANAPE: Categorical Analysis of �
Neo-and Paleo-Endemism�

	

An example in Acacia:	

blue interpreted as center dominated by 
paleoendemism; red = same for 
neoendemism.  Purple is interpreted as 
a center high in both.	

RPE -- ratio of PE 
of actual tree to PE 
of null tree.	

Blue dots are centers of 
paleoendemism	

Dark purple dots are 	
centers of superendemism	

Red dots are centers of neoendemism	

Result of CANAPE analysis:	
Significant grid cells only	

Typical measure looks at matching in species composition, measured via a dissimilarity 
index such as:	

 	Jaccard	
		
	Sorensen 	

	
	where A is the count of species found in both neighbor sets, B is the count unique to 
neighbor set 1, and C is the count unique to neighbor set 2.	

	
There is an exact phylogenetic analog of these indices: 	
		
		

	 	 	 	 	Phylo-Jaccard	
	

	 	 	 	 	Phylo-Sorensen	
	
	
	
	
	
	
	
where A is the length of shared branches, and B and C are the length of branches 	
found only in neighbor sets 1 and 2.	

Phylogenetic measures of 
geographic similarity	

A UPGMA cluster analysis of phylo-Jaccard distances between all pairs of grid 
cells with significant endemism, done along with all these analyses using 
Biodiverse (Laffan et al.)	

An example in Australian Acacia:	
Phylo-betadiversity	

• Biodiversity is conventionally partitioned into three levels: 
alpha, beta, and gamma. 	

• Gamma diversity is the total diversity across a study region, 
alpha diversity is the local diversity within subsets of that 
region, while beta diversity is the degree of compositional 
change, or turnover, of diversity between subsets. 	

• Turnover measures are all based on a partitioning of the 
alpha diversity of the combined sites.  This means that, since 
measures of endemism are also alpha diversity metrics, 
range-weighted turnover metrics can be calculated as a 
direct modification of established range restriction metrics.	



An example from Graham, C.H. & Fine, P.V.A. (2008) Phylogenetic beta diversity: linking 
ecological and evolutionary processes across space in time. Ecology Letters, 11, 1265-1277.	

An example from Graham, C.H. & Fine, P.V.A. (2008) Phylogenetic beta diversity: linking 
ecological and evolutionary processes across space in time. Ecology Letters, 11, 1265-1277.	

Range-weighted turnover 
vs. regular turnover 

measures 	

From Laffan, S.W., D.F. Rosauer, G. Di Virgilio, J. 
T. Miller, C.E. González-Orozco, N. Knerr, A.H. 
Thornhill, and B.D. Mishler (2016) Range-
weighted metrics of species and phylogenetic 
turnover can better resolve biogeographic transition 
zones.  Methods in Ecology and Evolution. 	

The range weighted 
turnover metrics 
represent the amount of 
weighted endemism, or 
phylogenetic 
endemism, shared 
between two location 
sets.	

Land plant distributions in Australia (750,741 
georeferenced herbarium records; 6,043 species).	

From: C. E. González-Orozco, M.C. Ebach, S. Laffan, A.H. Thornhill, N.J. Knerr, A.N. Schmidt-
Lebuhn, C.C. Cargill, M. Clements, N.S. Nagalingum, B.D. Mishler, and J.T. Miller.  2014.  
Quantifying phytogeographical regions of Australia using geospatial turnover in species 
composition. PLoS ONE 9(3): e92558. doi:10.1371/journal.pone.0092558. 	

Biodiverse software	
Biodiverse software (http://www.purl.org/biodiverse) 


