
WHY
Speciation matters?

•Species is a latin word meaning 
“kind” or “appearance” 

•Difficult to clearly define



Species concepts Species concepts
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Species concepts

How do species evolve from other species?
the short answer

Speciation is the outcome of isolation and 
divergence.

Isolation is created by reductions in gene flow.  
Divergence is created when mutation, genetic drift, 
and selection act on populations separately.

Morphological concept

Species concepts



Species concepts

from Futuyma (1998), p. 463

Morphological species of horned lizards
Species concepts

the familiar “taxonomic” 
description based on sets of 
distinguishing characteristics

often works but ..... can be 
misleading

Species concepts

Different phenotypes within a single species

Hydrangea

Species concepts

Theridion grallator



Species concepts

Breeding range map of myrtle warbler  
(Dendroica auduboni)

Breeding range map of Audubon’s warbler 
(Dendroica coronata)

These allopatric 
warblers were 
previously 
classified as 
distinct species  
but they freely 
interbreed

Different phenotypes within different species
Species concepts

Organisms may 
look  different 
and yet be  the 
same species 

Species concepts

Should they be considered the same or separate species?

Species concepts

Sturnella magna Sturnella neglecta

Eastern and Western Meadowlarks look identical but differ in their song

Different species with similar appearance



Species concepts

Different species with similar appearance

Some species look 
similar even when they 
are only very distantly 
related   
=  

CONVERGENT 
EVOLUTION 

Cacti (Americas) Euphorbia (Africa)

Species concepts

Cactaceae Apocynaceae Euphorbiaceae

Species concepts

“potentially interbreeding?”

Species concepts

Recognition Species Concept
A species is a set of organisms that can recognize each other  as potential mates



Biological Species Concept 
(BSC) 

 E. Mayr

Species concepts

Species concepts

• “Groups of actually or potentially interbreeding 
populations reproductively isolated from all 
other such groups.” – Ernst Mayr

• “When we understand the origin of 
reproductive isolation, we understand the 
origin of species.” – Jerry Coyne

• “… the largest and most inclusive Mendelian 
population ... A Mendelian population is a 
reproductive community of sexual and cross-
fertilizing individuals which share in a 
common gene pool.” – Dobzhansky

Biological Species Concept
Species concepts

The Biological Species Concept is the first 
modern attempt to define species, but 
numerous problems with this concept, on 
both theoretical and practical grounds



Species concepts

reproductive isolation: 
an objective criterion 
that is biologically 
significant

Species concepts

Practical problems  
asexual species?  
allopatric species? (most borderline cases don't 

occur sympatrically)  
geological time?  
level of reproductive isolation?
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Practical problems  
asexual species?  
allopatric species? (most borderline cases don't 

occur sympatrically)  
geological time?  
level of reproductive isolation? 

Theoretical problems  
reproductive compatibility is a primitive character; 

reproductive isolation is derived  
many cases, sister lineages are reproductively 

isolated, but distantly related lineages are not 

Species concepts

Practical problems  
asexual species?  
allopatric species? (most borderline cases don't 

occur sympatrically)  
geological time?  
level of reproductive isolation? 

Theoretical problems  
reproductive compatibility is a primitive character; 

reproductive isolation is derived  
many cases, sister lineages are reproductively 

isolated, but distantly related lineages are not 

The BSC doesn't apply to allopatric species, parthenogenetic 
species, or fossil species; highly limited (long held by 
ornithologists) 



Species concepts

ALTERNATIVES

Species concepts

How do species evolve from other species?
the short answer

Speciation is the outcome of isolation and 
divergence.

Isolation is created by reductions in gene flow.  
Divergence is created when mutation, genetic drift, 
and selection act on populations separately.

Evolutionary Species Concept 
(ESC)Isolation is created by reductions in gene flow.  

Divergence is created when mutation, genetic drift, 
and selection act on populations separately.

Species concepts

Does not account for genomic hybrids, 
where genes have passed from one 
taxon to another, and the genetic make-
up of individuals can be traced to 
different phylogenies or genealogies

Focus on evolutionary history, as 
opposed to recognition of current 
species, so this concept is used 
extensively in the fossil record

A species is a single lineage of 
organisms that maintains its identity from 
other such lineages and has its own 
evolutionary tendencies and historical 
fate (Wiley 1978)



Species concepts Species concepts

• “An evolutionary species is a lineage (an ancestral-
descendant sequence of populations) evolving separately 
from others and with its own unitary evolutionary role and 
tendencies” (Simpson 1961:153). 

• “A species is a single lineage of ancestral descendant 
populations of organisms which maintains its identity from 
other such lineages and which has its own evolutionary 
tendencies and historical fate” (Wiley 1978:18).

Evolutionary Species Concept

Species concepts

• All organisms, past and present, belong to some 
evolutionary species  

• Species must be isolated from each other to the extent that 
this is required to maintain their separate identities, 
tendencies, and fate.   

• Therefore, reproductive isolation in the BSC sense is not 
required  

• Moreover, Evolutionary species may or may not exhibit 
recognizable phenetic differences (# of species may be 
over or under-estimated, usually the latter)  

• No separate, single evolutionary lineage may be 
subdivided into a series of ancestral and descendent 
species

Species concepts

• Benefits: clear conceptually; applies to asexual species, 
through time, and allopatric species 

• Problems:  
– application (difficult to know the future),  
– asexual species (too many independent lineages)

• The Evolutionary Species Concept separates the idea of 
what species are from how they are recognized.  

• This leads us to: How are species recognized?

ESC:benefits and Problems



How do species evolve from other species?
the short answer

Speciation is the outcome of isolation and 
divergence.

Isolation is created by reductions in gene flow.  
Divergence is created when mutation, genetic drift, 
and selection act on populations separately.

Phylogenetic Species 
ConceptIsolation is created by reductions in gene flow.  

Divergence is created when mutation, genetic drift, 
and selection act on populations separately.

Species concepts

Species concepts

• “... a population or group of populations defined by one 
or more apomorphous [derived] features” (Rosen 
1979:277). 

• “... monophyletic groups of organisms, recognized as 
lineages on the ... basis of ... shared, derived characters 
and ranked as species because of causal factors ... that 
maintain the lineages as the smallest important 
monophyletic group recognized in a formal 
classification” (Mishler 1985:213). 

Species concepts

The phylogenetic species concept:  species are monophyletic groups

Species are defined 
as the smallest 
diagnosable 
monophyletic group

Any population that forms 
an independent branch on 
the phylogeny is 
recognized as a species 

To be recognized as a 
species, populations must 
have 
been evolutionarily 
independent for a long 
enough time 
for diagnostic traits to 
emerge 



Species concepts

ParaphylyMonophyly

= non-member
= member

Species concepts

Fundamental distinction between a gene tree and a population 
tree or species tree. Note that branching events in a gene tree 
leading to extant individuals can either postdate (A) or predate 
(B) a population-level split.

Species concepts

Gene version F in species 1 is more related to gene versions 
present in species 2 that to the other versions in species 1.

Species concepts

Application of the phylogenetic concept helped uncover cryptic species in the copepod 
Eurytemora affinis



Species concepts

And in 
African 
elephants

Species concepts

Common Element 
(General Concept of Species)

Species = segments of separately evolving 
metapopulation lineages

Species concepts

Definition of a Lineage

A lineage is a single, unbroken line of direct ancestry 
and descent. 

… A → B → C → D …

Examples of biological entities that form lineages:  
genes, organelles, cells, organisms, colonies, demes, 

species. 

Species concepts

Common Element 
(General Concept of Species)

Species = segments of separately evolving 
metapopulation lineages

A set of connected subpopulations 
The population level is a continuum: 
family group ⇔ deme ⇔ … ⇔ metapopulation



How do species evolve from other species? 
the short answer

Speciation is the outcome of isolation and 
divergence.  

Isolation is created by reductions in gene flow.  
Divergence is created when mutation, genetic drift, 
and selection act on populations separately. 

Ecological concept 

Leigh Van Valen

Species concepts

Difficult to recognize, because many 
organisms occupy different niches due to 
adaptation or developmental changes

The ecological species concept 
captures the essence of the 
phenotype as an expression of 
genetics and environment

A species is a group of organisms that 
occupy the same ecological niche (Van 
Valen 1976). 

Species concepts

Summary

• Most biologists have the same general concept of 
species. 

• Different species definitions are based on different 
properties of lineages. 

• To achieve a unified concept of species, these 
properties should not be treated as necessary 
properties of species but as lines of evidence that 
enable biologists to determine whether organisms 
are parts of the same or different lineages 
(species).  

Species concepts

Defining species is still complicated

Must revert to Linnaeus’ system for: 

• extinct organisms 
• asexual organisms 
• some distinct species that can still interbreed and 

produce viable offspring (e.g., coyotes, wolves, and 
dogs)



Species concepts

“Given any species in any region, 
the nearest related species is not 
likely to be found in the same 
region nor in a remote region, but 
in a neighboring district 
separated from the first by a 
barrier of some sort.” 

David Starr Jordan (1905) 
Science 22: 545-562.

Species concepts
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