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History of Biotas
MODULE 12: HISTORY OF BIOTAS
UNIT 2: HISTORICAL BIOGEOGRAPHY

Objectives

 At the end of this series of lectures you should be able to: 
 Define terms. 

 Explain the center of origin concept. 

 Differentiate between the progression rule and the displacement rule. 

 Discuss panbiogeography and its contribution to historical 
biogeography. 

 Explain vicariance biogeography and construct an area cladogram. 

 Describe modern historical biogeography. 
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Reinvigoration of Historical 
Biogeography

 Plate tectonics and continental drift
 Molecular systematics
 Application of hypothetico-deductive science 

Storytelling

 Historically, evolutionary biologists would construct stories too 
explain the distribution of their group. 

 As biogeography/systematics/evolutionary theory developed a 
greater emphasis on: 
 Testable hypotheses

 Repeatability – less subjectivity

 Parsimony
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Center of Origin

 Determine the place of birth for different taxonomic groups
 General questions

 Have certain regions served as cradles of evolution? 

 How are biotas assembled? 
 Where did the different taxa of the biota originate?

 What dispersal routes were followed by the different taxa so that the biota 
could be assembled 

Criteria for Determining Center of 
Origin

 Multiple vs. single criteria
 Progression rule 
 Displacement rule
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Criteria for Determining Center of 
Origin

 Criteria 
 Location of greatest number of species
 Location of largest population size.
 Location of most primitive forms or most closely related forms.
 Location with individuals of largest size. 
 Location of greatest productivity. 
 Location where lines of migration of the group converge. 
 Location where habitat is the least restricting.
 Location of converging clines
 Location with the greatest number of dominant alleles.
 Direction of geographic affinities.
 Direction of annual migration routes.
 Direction of seasonal appearance.

Progression Rule

 Willi Hennig – Phylogenetic systematics
 The unique sequence of branching must reflect a unique sequence 

of  range dynamics. 
 Character transformation indicates the direction of travel away from the 

center of origin. 
 Groups with many apomorphic characters will be at the edge of the taxa’s 

distribution. 

 Groups with mainly plesiomorphic characters will be near the center of origin. 

 Blah
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Displacement Rule

 The most derived form displaces the ancestral forms.  
 The most derived form is found at the center of origin. 

 The most pleisomorphic form is found at the edge of the group’s 
distribution (away from the center of origin). 

 Blah

Panbiogeography

 Croizat
 Patterns of disjunction reflect fragmentation of formerly 

interconnected regions. 
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Panbiogeography

 Procedure
 Map the range of narrow endemic species

 Draw a line connecting the range of each narrow range endemic to 
the range of the species to which they are most closely related – tracks. 

 Compare the tracks of different taxa. 

 Where the tracks of many different taxa show the same or very similar 
connections – generalized tracks. 

 Generalized track suggest historical connections. 

Panbiogeography

 Contributions 
 Croizat got many things wrong.  

 Stressed the value of method 
 Objective

 Repeatable 
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Vicariance Biogeography

 Closely related to phylogenetic systematics. 
 Hence the time spent in the previous unit developing cladograms. 

 Nelson, Platnick,and Rosen  ~  Wiley 
 Synthesis

 Hennig’s cladistic approach

 Croizat’s analysis of multiple taxa to develop rigorous. 

 Popper’s hypothetico-deductive approach to science. 

Vicariance Biogeography

 Essentially two (three) hypotheses to explain any disjunction in a 
range
 Dispersal 

 Vicariance

 (Extinction)
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Vicariance Biogeography

 Assumptions
 Speciation occurs from geographic isolation

 Spatial configuration of current distributions preserve the configuration 
resulting from divergence. 

 (Initially rejected dispersal hypotheses.) 
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Dispersal hypotheses
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Vicariance hypothesis
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Vicariance Biogeography

 Weaknesses
 Restrictive, simplifying assumptions/rules

 Long-distance dispersal is incompatible

 Isolation and speciation events preserve spatial configurations of geographic 
ranges

 Long-distance is single species and idiosyncratic
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Vicariance Biogeography

 Contributions to modern historical biogeography
 Emphasis on rigorous technique and hypothesis testing

 Reliance on phylogenetic hypotheses

 Use of taxon-area cladograms

 Becomes cladistic biogeography

Modern Historical Biogeography

 Willingness to address a wider range of hypotheses and 
mechanisms. 

 Goals of historical biogeography
 Identify causal association between changes in the configuration of the 

Earth and the emergence of the biotas. 
 Anything but vicariance is noise.

 Understand the geography of speciation and historical assembly of 
biotas. 
 Allows for dispersal, peripheral isolates, sympatric speciation, and extinction. 

 Noise becomes important

 Called Phylogenetic Biogeography (confusion here)
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Phylogeography

 Shallow time historical biogeography


