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First, what is biodiversity?  

•  Simply put, the total 
manifestation of life on the 
planet. This is the “political” 
definition. 

•  The devil is in the details 
•  Biodiversity is not a simple 

concept, like, say 
temperature, that can be 
measured with 
thermometers.  
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What is biodiversity? II 

•  Biodiversity is a 
complex and badly 
defined concept. 

•  It makes reference to 
other complex and 
poorly defined concepts 

•  And, alas, there are no 
biodiversitometers 

Somebody please invent  
Mr. Spock’s Tricorder 



Surrogates of Biodiversity 
•  Morpho 
•  Eco 
•  Phylo 
•  Geno 
•  Proteo 
•  Ethno 
. 
.	
  
.	
  



TaxoView 

Pericopidae.	
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MorphoView 

Sanzana et al. (2013) Rev. Bras. Entomol. 57(4):411-416 
 



Hinke et al. 2004 Ecology and Society 9(1):10 

Full food webs of the  
Eastern Tropical Pacific (ETP) 
 
 
 
 
 
 
 
And the 
 Central North Pacific (CNP) 

EcoView 



PhyloView 

Vila et al. 2011 Proc. Roy. Soc. B 278: 2737-2744 



ChemoView 



Materia Medica Dioscorides,512 

Libelus , de la Cruz, 1552 

Mexican specimen, Kew, 1874 

Quatro Libros,  
Hernandez, 1652 

EthnoView 
Datura stramonium 



Or, preferably, integrated views 

Biodiverse, by Shawn Laffan.  http://code.google.com/p/biodiverse/  



Integrating knowledge domains 

•  This should be the future. Integrating different 
points of view. 

•  What is integrating? 
– Simplest: overlaying 
– More difficult: statistical relationships 
– Truly difficult: theoretical 

•  Whatever the meaning, to integrate one needs 
Digitally Available Knowledge (DAK, Sousa-
Baena et al. 2013 Diversity & Distributions 20:369-381)  



So, what data is available? 
•  At a global level, mostly 

occurrence data 
•  The data about an 

observation, or a 
specimen of: 
–  What (name) 
–  Where (lat, long) 
–  When (date) 
–  Says who (collector) 

•  Darwin Core, ABCD… 

Images from the Smithsonian NMNH 





Presence only data is abundant and 
useful (although not for children) 



The Miridae (data from Weirauch et al.) 
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By integrating, the above can be… 

•  Dynamic maps of body 
size, ethnobotanic 
knowledge, secondary 
chemistry, 
interactions… 

•  Interacting, maybe 
dynamic perspectives on 
different knowledge 
domains 

•  The name is a link to 
attributes 

•  And the coordinates are 
a ling to where 

•  These two are powerful 
links 



There are already quite a few things to 
integrate with 



However… 
•  Digitizing is expensive 

Heerlien	
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  al.	
  2015	
  ACM	
  J.	
  Comput	
  Cult.	
  Herit.	
  8:1-­‐11	
  



Which means that it pays to digitize 
first the large collections 

Log 10 of cost per specimens of digitizing collections, as a function of their size. 
Data from CONABIO, Mexico. Cost per specimen  $1-$10 USD 



And not only expensive in $$$ 

•  It requires time 
•  Personnel 
•  Space 
•  A long term 

commitment (databases 
are never finished) 

•  It will never be done 
unless the primary 
providers (collections) 
find uses. 

•  This means large-scale 
digitizing beyond labels 
will not take place 
unless it is in the direct 
interest of curators and 
systematists 



Bute the benefits will be huge: Overlay 

Biodiversity Informatics, 10, 2015, pp. 22-34 

Figure 1. A screen-
capture of the QGIS 
Lifemapper plugin 
showing a sites-based 
output. Site similarity 
plot for amphibians of 
the Philippines, 
showing highlands in 
Luzon (A, in yellow). 
The value of the mean 
proportional range size 
(B), the emerged relief 
during the glacial 
maximum (C), and the 
“brushed” Luzon cells 
in the scatterplot of 
richness vs mean 
proportional range-
size (D).  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 2. A species-based screen-capture of the QGIS plugin showing part of a mammal phylogeny (A) connected to 
a 800+ mammals of Africa PAM, with a map of species richness (B), mean proportional species-diversity (C), mean 
nearest taxon distance (D) and a scatterplot of range-size vs. mean phylogenetic distance (E) with the “brushed” 
species highlighted (yellow species in (A) and (E)).  
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Statistical 

Data matrices

We use four data matrices in our analyses that can be
derived from data as follows:

The incidence matrix I describes which species are found
at which sites. Each entry is coded with a 1, if a given
species (column) is found at a given site (row) and 0
elsewhere.

The species-by-node matrix P contains phylogenetic
information. In principle it could be coded in various ways
(see Supporting information) but we focus on a node-by-
node approach inspired by Felsenstein!s phylogenetic
independent contrasts (PIC, Felsenstein 1985). We code
the species-by-node P matrix so as to produce a set of
node-by-community statistics contained in matrix PS.
In matrix P, all species descending from one of the
branches emanating from a node are all arbitrarily given
negative values, and those descended from the other
branch are given positive values (which branch is given the
negative sign is arbitrary). If a species is not a descendent
of a node, it is given a value of 0. The sum of species
codes from the two branches equal 1 and )1, thus species
located in more species-rich branches are downweighted.
The weights each of the species can be adjusted to reflect
the phylogenetic topology and branch lengths. For the
analyses in this article, we used a topological coding that
does not account for branch lengths (which are not
available for our study system), but we describe in the
Supporting information a method that does so. In our
scheme, codes begin at 1 (or )1, depending on the
arbitrary sign of the branch) at the origin of the branch,
and are reduced by half at each bifurcating node until the
species are reached. Thus, a species on a branch with one
species has a code of 1, a branch with two species each
have a code of (0.5, 0.5), three species gives (0.5, 0.25,
0.25), and so forth (e.g., see Fig. 2). Therefore, the coding

associated to any particular node can rebuild the entire
original topology for that node.

The entries of the node-by-community PS matrix are
simply the sums of P values for all species that are both
descendents of a given node and occupants of the
community (note PS = IP). The PS values reflect the
differential representation of species in the community
along the two different branches emanating from a node in
the phylogeny (i.e., phylogenetic composition or balance of
species distributions across the two sides of any give node).
The values in PS range between 1, where all daughter
species of the one of the branches are present but none of
the other are present and )1 in the opposite case. If all
species that are daughter of a given node are present then
the value is 0, which means there is no evidence from that
community that the two branches have a difference in their
propensity to occur under the local conditions. Looking
across many communities, correlations between these node-
community values PS and the site variables of those
communities reveals that the two branches emanating from
the node have diverged in their response to an environ-
mental filter (e.g., different temperature tolerances) or
biogeographic event (e.g., on different sides of a historical
dispersal barrier). In the Supporting information, we provide
extensive details and discussion regarding our coding
scheme and its quantitative equivalence to the PIC approach
for reconstructing ancestral states.

The biogeography matrix B is meant to identify contrasts
between pairs of biogeographic areas that should be
differentially affected by historical effects based on some
independent evidence (e.g., geological, paleoclimate, evi-
dence from other clades). These are expressed as Helmert
contrasts (see Legendre & Legendre 1998) in which sites
that occur in one area are coded +1, those in the other
area are coded )1 and sites that occur in neither area are
coded 0.

The environment matrix E is derived by measuring
environmental attributes of each site and entering values for
each variable (column) at each site (row).

Semi-partial correlation matrices

The first step is to calculate the weighted sum of contrasts
across species in each node per community PSstd = IPstd.
The matrix Pstd is the standardized version of matrix P.
Given that sites containing a greater number of species or
species with a greater number of occurrences provide more
reliable estimates regarding possible effects of environment
and biogeography on distributions, we applied a weighting
factor to standardize the data prior to analysis to avoid
effects of rare species and unusual sites (similar rationale
were used by Legendre et al. 1997 and Layou 2007; and are
common in gradient analysis; Peres-Neto et al. 2006).

I
Incidence matrix 

T
Trait matrix 

P
Phylogeny matrix 

Environment-
phylogeny 
correlations 

D 
‘4th corner’ matrix 

E
Environment matrix 

B
Biogeography 

matrix 
Biogeography- 

phylogeny 
correlations 

Species 

Environmental
variables 

Biogeographic 
events 

bE

bB

Sites Species’ traits Nodes

Figure 1 Schematic arrangement of data matrices I, E, B, P and T
and the three association (D, bE, bB) matrices discussed in the text.
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Theory 
•  A real challenge. 
•  Do we have a “theory of 

biodiversity”? 
•  Of course we have a 

Theory of Evolution, 
but this is too general. 

•  A theory of biodiversity 
may emerge from the 
integration of those 
different points of view. 



Maybe this should be the future 
•  Creating DAK in 

different domains. 
•  Morpho 
•  Eco 
•  Phylo 
•  Creating the concepts 

and tools to integrate 
them 

•  Many doubt we can do 
it 

•  Will it be a case of 
“ ignoramus et 
ignorabimus” (du Bois-
Reymond) 

•  Or rather one of: 
  “Wir müssen wissen —   
wir werden 
wissen!“ (Hilbert) 



Thanks to… 
•  Organizers of the symposium 
•  Jeff Cavner, A. Christen, H. Arita, P. Rodriguez, A. 

Lira, F. Villalobos, coworkers in the biodiversity 
perspectives stuff 

•  A. T. Peterson, for endless conversations on this. 
•  And the money folks 


