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What is a species? 

 Biologically, a species is defined as members of a 

population that can interbreed under natural 

conditions 

 Different species are considered reproductively 

isolated and cannot exchange genetic information 

with one another 

 For speciation to occur, individuals must become 

reproductively isolated from the original population 

and form a new interbreeding population 



Modes of Speciation 

 A new species can evolve in many different 

scenarios but the process must result in the 

reproductive isolation of the new species from other 

species 

 Reproductive Isolation 

 Allopatric Speciation 

 Sympatric Speciation 



Reproductive Isolation 

 Mechanisms of reproductive isolation can be 

prezygotic mechanisms (prevent fertilization and 

zygote formation) or postzygotic mechanisms 

(prevent a fertilized egg from growing and 

reproducing). 



Reproductive Isolation 
Mechanism Description Example 
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 Use of different courtship 

and mating cues to attract 

mates 

 Different species of frogs 

have calls that only attract 

their own species 

 Different breeding seasons 

(breeding at different 

times of the year) 

 Willows that flower in spring 

are isolated from those that 

flower later in the year 

 Occupying different 

habitats in a region 

 Bluebirds living at different 

elevations of a mountain and 

do not encounter each other 

 Morphologically 

incompatible structures 

 Damselflies mate during flight 

and genitalia is incompatible 

with others 

 Male gametes are unable 

to recognize and fertilize 

the female gamete 

 Many marine organisms 

release sperm and eggs into 

water for fertilization 
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Prezygotic Mechanisms 



Reproductive Isolation 

Mechanism Description Example 

 Zygote is unable to 

develop due to genetic 

differences 

 Some sheep and goats can 

mate but the zygote is not 

viable 

 Hybrid develops but 

dies before birth or 

cannot survive to 

maturity 

 Matings between tigers 

and leopards end in 

miscarriage or stillborn 

offspring 

 Hybrid offspring are 

healthy and viable, but 

are sterile 

 Matings between donkeys 

and horses produce mules 

which are sterile 
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Allopatric Speciation 

 Formation of a new species as a result of 

evolutionary changes following a period of 

geographic isolation 

 Once the populations are separated, there is no 

gene flow between the two populations (exchange 

of alleles from one population to another) 



Allopatric Speciation 

 Examples of possible evolutionary changes (which 

can eventually lead to reproductive isolation): 

 Mutations that arise in one population will not be 

shared with the other, leading to the 

development of alleles 

 Different selective pressures, leading to the 

natural selection of different traits 

 Variations in genetic drift between the two 

populations 



Allopatric Speciation 

 Example situation: 

 A population of a species is separated into two 

groups after a river forms, dividing the habitat in 

half 

 The two populations are now geographically 

isolated and gene flow is prevented between the 

two populations 

 Over time, the two groups will undergo 

evolutionary changes that may eventually lead 

to the formation of two distinct species 



Allopatric Speciation 



Allopatric Speciation 



Allopatric Speciation 



Sympatric Speciation 

 The evolution of a new species from within a large 

population that is in the same geographic area 

 Examples of situations that could lead to sympatric 

speciation: 

 Disruptive selection, where two or more traits are 

favoured 

 Mutation that results in a mechanism of 

reproductive isolation 

 Example: polyploidy 



Patterns of Evolution 

 Natural selection leads to predictable outcomes 

which can form recognizable patterns 

 Adaptive radiation 

 Divergent evolution 

 Convergent evolution 

 Coevolution 



Adaptive Radiation 

 Adaptive radiation: the relatively rapid evolution of 

a single species into many new species, filling a 

variety of formerly empty ecological niches. 

 Occurs when one species evolves into several distinct 

but still closely related species that each fill a different 

ecological niche 

 



Adaptive Radiation 

 Example: Darwin’s finches 

 Finch species arrives in the Galapagos Islands 

 There is a lack of interspecies competition and an 

abundance of new food sources 

 Variations in the finch population are 

advantageous for different food sources, resulting 

in adaptive radiation 

 



Adaptive Radiation 



Divergent Evolution 

 Divergent evolution: the large-scale evolution of a 

group into many different forms 

 Competition is minimized as new species diverge to fill 

specialized ecological niches 

 Over time, the new species will evolve until most 

available resources are used 

 The different selective pressures results in an increase 

in  biodiversity 

 



Divergent Evolution 

 Example: Diverse rodents of Northern Ontario 

 Squirrels, chipmunks, mice, deer, beavers, etc. all fill 

distinct ecological niches 



Convergent Evolution 

 Convergent evolution: the evolution of similar traits 

in distantly related species 

 Different species evolve to fill the same ecological 

niche through similar selective pressures 

 Natural selection will favour similar traits in similar 

environments 

 Distinct evolutionary past will still seen through other 

features 

 



Convergent Evolution 

 Example: Plants 

 In similar environments, distantly related plants in 

different continents have evolved similar features 

due to similar selective pressures, though the 

features evolved from different origins 



Convergent Evolution 



Coevolution 

Coevolution: a process in which one species 

evolves in response to the evolution of another 

species 

 A competitive relationship sometimes results in an 

“evolutionary arms race” 

 A symbiotic relationship can result in species that are 

completely dependent on another 

 



Coevolution 

Example: Plants and seed eating mammals 

 



Coevolution 

Example: Madagascar orchid and hawk moth 


