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Speciation and 
Extinction
MODULE 07: SPECIATION AND EXTINCTION
UNIT 1: BACKGROUND

Objectives

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

 Define and compare the different species concepts.

 Discuss evolutionary mechanisms.

 Explain the different perspectives in scale and tempo of evolutionary 
processes. 

 Explain the different dominant modes of speciation. 
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Biology

 Systematics 
 Taxonomy

 Phylogenetics
 Cladistics

 Evolutionary Biology

 Phenetics

 These definitions and classification are consistent with current usage, but 
not necessarily with historical derivation or past usage. 

Inheritance

 Asexual reproduction – Branching, genetically similar within a 
lineage

 Sexual reproduction -- Tokogenetic
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Concepts

 Cladogeneis
 Adaptation
 Reticulate (species or evolution)
 Homologies
 Homoplasies (convergent)
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Species Concepts

 Evolutionary species concept
 “… an entity composed of organisms that maintains its identity from 

other such entities through time and over space and that has its own 
independent evolutionary fate and historical tendencies.” 
 Spatial and temporal cohesion

 Primary concept – although this would upset many biologists.

 Not operational
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Species Concepts

 Morphological species concept
 A group of individuals that is morphologically distinct from other related 

groups. 
 Most commonly used by biologists on a day-to-day basis although most of 

them would get upset if this was pointed out. 

 Assumes morphological traits have a genetic basis.

 Fails to recognize cryptic species (sister species).

 Fails when morphological traits are highly plastic (ecotypes). 

 Operational

Species Concepts

 Biological species concept
 A group of individuals that is actually or potentially reproductively 

isolated from other such groups. 
 Dominant concept – product of new synthesis or modern synthesis

 Mayr

 Problems: Fossils, asexual reproduction, hybridization, spatially isolated 
populations

 Operational
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Species Concepts

 Recognition species concept 
 “… most inclusive population of individual, biparent organisms which 

share a common fertilization system.”

 Focuses on mate recognition rather than isolation. 
 Response to BSC

 Similar limitations to BSC

 Operational

Species Concepts

 Phylogenetic species concept
 A group of individuals that share a unique derived or apomorphic 

character. 
 A monophyletic lineage

 Derived through evolutionary process of descent from an ancestral lineage

 Diagnosable through examination of character state transformations
 Apomorphic vs. Plesiomorphic 

 Synapomorphic vs. Symplesiomorphic 
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Species Concepts

 Phylogenetic species concept
 Difficulties

 Inflate species diversity if based on a few or even one apomorphic 
character. 

 Molecular phylogenies will rarely be concordant.

 Operational

Species Concepts

 Genealogical Concordance Concept
 Species only recognized if both mitochondrial and nuclear DNA support 

the recognition. 

 Requires two types of inheritance 

 Operational 
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Species Concepts

 Cohesion species concept
 Populations that maintain cohesion through genetic or demographic 

exchangeability. 
 Exchange of genetic material or occupy similar ecological conditions. 

 Operational

Species Concepts

 Recognizes discontinuous variation between organisms. 
 Clumps and gaps – “clumpy-gappy”

 Next slide

 Concepts seek to define boundaries between: 
 Clumps – Tokogenetic

 Gaps – Phylogenetic
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Evolutionary Mechanisms

 Define evolution 
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Evolutionary Mechanisms

 Hardy Weinberg equilibrium
 Establishes the conditions in which evolution would not occur. 
 The assumptions of the Hardy/Weinberg equilibrium: 

 No selection 

 No immigration 

 No mutation

 Random mating

 Large populations

 These conditions are almost never met.
 Therefore, evolution is almost always occurring. 

 Used as a checklist

Scale and Tempo in Evolution

 Microevolution – How the characteristics of populations change as 
a result of genetic mechanisms.
 Occurs in near time

 Primarily small or subtle changes

 Changes within a species. 
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Scale and Tempo in Evolution

 Macroevolution – Large changes that occur over large periods of 
time. 
 Occur in deep time

 Frequently large and obvious changes

 Changes between species (speciation)

Scale and Tempo in Evolution

 Gradualism  -- The small subtle changes that occur within 
populations add up, given enough time, to the major differences 
that occur between species. 

 Punctuated equilibrium – There are long periods of stasis marked 
with relatively brief periods of rapid change. 
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Scale and Tempo in Evolution

 Group selection 
 Species selection 

Speciation

 Cladogenesis 
 Hybridzation (Reticulate speciation)
 Phyletic speciation 

 Chronospecies
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Speciation

 Geographic variation
 Founder effect

 Local adaptation

 Cline
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Speciation

 Allopatric speciation 
 Geographic variation 

 Vicariance
 Geologic events

 Large sets of populations (many species)

 Peripheral isolates
 Founder effects 

 Small group of individuals (one species) 

 Contact and reinforcment
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Speciation

 Allopatric speciation 
 Contact and reinforcement

 Populations may not interbreed. 
 Prezygotic isolation

 Populations may interbreed and differentiation may disappear. 

 Hybrids may have low fitness. 
 Favor individuals that select mates of the same species. 

 Postzygotic 

 Favor development of prezygotic isolating mechanisms

 Reinforcement
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Speciation

 Sympatric speciation
 Disruptive selection 

 Parapatric speciation 

 Chromosomal changes
 Aneuploidy (Robertsonian events)

 Fusing or breaking – Chromosome number changes

 Polyploidy 
 Autopolypoidy  (Single species)

 Alloployploidy  (Hybridization)

 Inversions or translocations
 Chromosome number stays the same. 



11-Feb-17

19

Speciation

 Phyletic speciation 
 Chronospecies 

Diversification

 After most speciation events the sister species have very similar 
ecological requirements. 
 Competitive exclusion 

 Character displacement 

 Adaptive radiation



11-Feb-17

20

Extinction

 Red Queen Hypothesis

 That’s it?


