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How many kingdoms are there….? 
  
(A) 3,  
(B) 4,  
(C) 5,  
(D) 6,  
(E) 8.

Monera   /    Archaea    /    Protista    /   Fungi   / Plantae   /  Animalia   /   

Insecta   /   Panera   /   Pianera  /  Protozoa 
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https://www.youtube.com/watch?v=F38BmgPcZ_I



After Darwin, however, this classification scheme needed significant refinement on 
precisely what was meant by each of the terms, (especially the term "Species") 

"Species are groups of interbreeding (or potentially interbreeding) natural populations, 
which are reproductively isolated from other such groups.” 

                                                                                 Biological Species Concept [BSC] 

But, the arguments and difficulties that we have in defining "Species" reflects very 
accurately the arguments that scientists have had over the centuries……… 

Yes, there are quite definitely constraints to evolutionary change(s)?  



"Species are groups of interbreeding (or potentially interbreeding) natural 
populations which are reproductively isolated from other such groups.” 

Genetic integration works on the premise that “if individuals within a population mate 
with one another, but not with individuals of other populations,  this population can 
be considered to be an  
"independent evolutionary unit", and can safely be called a Species 

“ ...the smallest groups that are consistently and persistently distinct and 
distinguishable by ordinary means.” 

                                          Morphological Species Concept (MSC)   
                                                                              -Cronquist 1988



Speciation is the process by which one "species" splits into two.





Allopatric speciation requires total genetic "reproductive" isolation.....or, when two or 
more parts of a single population become divided by a geographic barrier, alternatively 
known as geographic speciation.
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Speciation





Darwin’s Galapagos Finches



American and European Sycamores



Fruit flies have speciated sympatrically in New York State for more than a hundred years.

These fruit flies originally courted, mated, and deposited eggs only on hawthorn fruits.


About 170 years ago, large commercial apple orchards were planted in New York.

Some fruit flies began to lay their eggs on the apple trees, perhaps by mistake.

Consequently, their offspring sought out apple trees as adults and, therefore, mated with 

other fruit flies of similar heritage. 


Today there are two sympatric species of picture-winged fruit flies in New York.

Sympatric speciation is the evolution of a new species from a surviving ancestral 
species while both continue to inhabit the same geographic region.
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Any potential example of a possible  future “sympatric speciation” spring to mind??


(A) American Sycamores


(B) West African Finches


(C) Long necked Giant Tortoise in the Galapagos Islands


(D) Birds and Bats


(E) Red winged Blackbirds

Sympatric speciation is the evolution of a new species from a surviving 
ancestral species, while both continue to inhabit the same geographic 
region.
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Speciation DOES NOT 


HAVE TO 


HAPPEN!!!





Peripatric speciation is a mode of speciation in which a new species is formed from 
an isolated peripheral population. Since peripatric speciation resembles allopatric 
speciation, in that populations are isolated and prevented from exchanging genes, it 
can often be difficult to distinguish between them, but does not require any “barriers”.

Parapatric speciation separates adjacent population, that may have initially 
separated as a consequence of reproductive isolation, coupled with some degree 
of migration, again -in the absence of any geographic barrier. Parapatric speciation 
is quite similar to sympatric speciation, but reflects some migration.
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Parasympatry, if it involves “migration”



Reproductive Isolating Mechanisms 

Prezygotic barriers -operate before mating 

Five prezygotic reproductive barriers have been described: 

Spatial isolation          -is the separation by location of inhabitance in the environment. 

Temporal isolation      -is the separation by differing mating seasons, or times of day. 

Mechanical isolation  -is the separation by differing shapes of reproductive organs. 

Gametic isolation        -is the separation by the inability of sperm from one species          
                                                   to fertilize the egg of another species. 

Behavioural isolation  -is the separation by behaviour,  eg. lack of recognition of             
                                                   potential mates as mating partners. 



Reproductive Isolating Mechanisms 

Postzygotic barriers -operate after mating. 

If individuals of two different "species" still recognize one another and are able to 
mate, postzygotic reproductive barriers may prevent gene exchange. 

There are three postzygotic reproductive barriers have been described, with the 
major two being: 

Low Hybrid viability -the offspring just generally don't do so well. 

Hybrid zygote abnormality -which is the failure of a hybrid zygote to develop in to 
a reproductively viable stage of life. 

Hybrid infertility -the inability of a hybrid to reproduce. Hybrid offspring may survive 
less well than offspring resulting from matings within each species.  All the offspring 
of one sex may be sterile, or all the offspring may be of only one sex. In nearly all 
cases of hybrid sterility and inviability, it is the sex that is heterozygous for the sex 
chromosomes that is absent or sterile. 

Mules / Hinnys -derived from donkeys and horses- are one of the more readily 
known examples of this type of barrier, with a female mule only being born every 
once in a while.
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Ligers and Tigons



Ligers and Tigons

Breaks ALL the rules from the 
  
Biological Species Concept [BSC] and the 

Morphological Species Concept (MSC)   



Variation in Speciation Rates.

Adaptive radiation is a rapid increase in the number of species 
with a common ancestor, characterized by great ecological and 
morphological diversity. The driving force behind it is the adaptation of 
organisms to new ecological contexts.
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Variation in Speciation Rates.



“Darth Vader” Horse Shoe Crab… circa 145 million years ago

Variation in Speciation Rates.



Species need not be very different and may differ in relatively few genes.

Hawaiian Fruit Flies

Variation in Speciation Rates.



Behaviour may influence speciation rates


Populations of land snails may be separated by barriers as narrow as city streets, which -for 
the common garden snail- can be quite impressive barriers. Animals with complex behavior 
may speciate at a high rate because of choices of mates. Indeed, mate selection is probably 
a major contributor to rapid evolution as a consequence of reproductive isolation between 
species. Moreover. extremes of sexual selection: complex mating rituals, for example, may 
differentiate potential partners...parapatric speciation perhaps? 

Population bottlenecks: the significant alteration in the gene pool, resulting form a 
"bottlenecks" or "founder-effects" change, may result in new adaptive changes (within the 
population) that result in more rapid speciation.


Environmental changes: may trigger high speciation rates. A climatic change in Africa from 
warm/wet to more rapid oscillations between warm/wet and cooler/drier conditions may result in 
a burst of changes.


Evolutionary lineages may also radiate when they acquire a new adaptations that enable them 
to use the environment in a new way.


e.g. Stronger gaping muscles in some species of American blackbirds allow them to turn over 
objects on the ground where prey may be hiding.  With the adaptation of "gaping", blackbirds 
have come to occupy nearly all habitat types in North and South America.

Variation in Speciation Rates.
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Human coronaviruses. Coronaviruses are 
believed to cause a significant percentage of all 
common colds in human adults and children. 
Coronaviruses cause colds with major 
symptoms, e.g. fever, throat swollen adenoids, in 
humans primarily in the winter and early spring 
seasons.

Fortunately for us, most viral host transfers to infect the new hosts cause only single 
infections or limited outbreaks, and it is rare for a virus to cause an epidemic in a new 
host.

Cross-Species Virus Transmission and the Emergence of New 
Epidemic Diseases
Colin R. Parrish, Edward C. Holmes, [...], and Peter Daszak
Additional article information

ABSTRACT
Summary: Host range is a viral property reflecting natural hosts that are infected either as part of a principal transmission 
cycle or, less commonly, as “spillover” infections into alternative hosts. Rarely, viruses gain the ability to spread 
efficiently within a new host that was not previously exposed or susceptible. These transfers involve either increased 
exposure or the acquisition of variations that allow them to overcome barriers to infection of the new hosts. In these 
cases, devastating outbreaks can result.

TEM image of 2019-nCoV particles. Image 



2019-nCoV is a betacoronavirus, like MERS and SARs, all of which have their origins in bats. The 
sequences from U.S. patients are similar to the one that China initially posted, suggesting a likely 
single, recent emergence of this virus from an animal reservoir.

https://www.cdc.gov/coronavirus/2019-ncov/summary.html#source-spread



Hunt for the genome sequence

2019nCoV

2019nCoV -r0 -defined, as of a couple of days ago





"By testing if the spike protein of a given virus can bind with cell receptors from different 
species, we're able to see if, in theory, the virus could infect this species," explained 
study co-author Antoni Wrobel.  He is a postdoctoral training fellow in the Structural 
Biology of Disease Processes Laboratory at the Francis Crick Institute, in London.

"Importantly here, we've shown two key things. Firstly, that the bat virus would unlikely 
be able to infect pangolins. 

And secondly, that a pangolin virus could potentially infect humans," Wrobel said in an 
institute news release.

The scientists used a technology called cryo-electron microscopy to see the pangolin 
coronavirus spike protein in minute detail. Some parts of the virus spike were quite 
similar to the human version, but others differed.

Though the research uncovered that the bat coronavirus, known as RaTG13, could not 
bind with receptors in humans or pangolins, and that the pangolin coronavirus was able 
to bind to pangolin and human receptors… it still doesn't confirm whether the pangolin 
virus was a part of SARS-CoV-2's evolution to humans.
But it does support possible scenarios for how this could happen, the researchers said.



One thing everyone does agree on is that there’s only one way to conclusively, definitively, undeniably 
establish which animal served as the bridge to humans—and that’s collecting blood from every winged, 
webbed, and scaled creature that was in the wet market and analyzing them for the virus.  

Finding antibodies would be a strong clue, but the live virus would be even better.  

Those investigations are currently underway, according to World Health Organization officials… 
Until they turn something up, any guesses are just that…

TEM image of 2019-nCoV particles. Image credit: Zhu et al, 



https://www.sciencenews.org/article/viruses-alive-coronavirus-definition

https://www.sciencenews.org/article/viruses-alive-coronavirus-definition






Dinosaur and Bird Phylogeny (1 of 2)

Split indicates the division in a  
population forming 2 species   

The temporal position of the branch  
points denotes the order 

 in which the population split 

Time  





Time  

1928 19981953





“Operational Taxonomic Unit”  … OTU




