Organizing the Living World – Slide Information
In this Lecture Topic
· How has the living world been grouped in the past?
· What didn’t work when classifying?
· Cladistics; demonstrates what is there
· Cladogram for the whole world.
Some Initial Definitions
· Classification
· Grouping objects into categories
· Creates order regarding group of objects
· Fairly common
· Developed rules that apply to taxonomy to classification
· Taxonomy
· When you classify things, you eventually develop rules
· Set of rules applied to a classification system
· Systematics
· Special taxonomy
· Evolutionary relatedness to put things into a category
· Must all be related to one another
· Share common ancestor
· Hierarchical 
· Linnaeus
· Nested structure (nesting)
· Must be related to evolutionary as well

Definition
· Finding a way to arrange biodiversity that is visible on the planet.
· Must be predictability; if I found an animal that have a radula, and radula are unique to molluscs, then that animal must be a mollusc
· Communicates information used to retrieve, sort, use, etc. 
· Taxonomy classification
· Information retrieval system 
· Puts in evolutionary accurate historical context
· System needs to accommodate all the various changes; flexibility
· Any characteristic; make evolutionary tree
· Originally done on morphology, then embryology then molecularly
· Arrange biodiversity in a predictable pattern that is flexible.

Definition (continued)
· Dichotomous; Darwin
· Based on yes or no questions
· One event -> two events -> four events
· Build dichotomous branching pattern that info stored and was flexible

Types of Taxonomies
· Folk
· Animate, inanimate
· Simple
· Naturally; speaking world
· Verbal taxonomy; passed through generations
· Someone was the keeper of the “word”.
· Human mind
· Can keep track of 500 to 600 things that are nested 4 or 5 tiers deep
· Limitation; number of items that can catalogued
· Artificial
· Written down
· More efficient
· Aristotle; 1st large lists of organisms
· Mechanical
· Linnaeus creates a hierarchical nested strategy
· Even deeper hierarchical system and reorganizes everything
· Creates names for the organisms all the way to the concept of Kingdoms
· Grouping things together by their physical appearance; morphology
· Plants vs. Animals
· Not necessarily related to evolutionary history; Linnaeus did not know the concept of evolution (Darwin)
· Natural
· Branching pattern
· Descendants of branch should all be part of a common ancestor; everything should be related to each other
· Using evolution
· Origin of systematics
· Problem; relied heavily on morphology to organize things

Homologies and Homoplasies
· Homology; Even if it’s doing a different function, they can all be related to one another through their bone structure. 
i.e. embryology of the forelimb
· In evolutionary biology, certain characters are given very strong emphasis in organizing the living world. 

Homology – Divergent evolution
· Refer to textbook.
· When the vertebrate jaw first develops, there is a bone (hyomandibula), which is part of the articulation of the jaw (between jaw and skull). It opens the very first jaw. What happens in the amphibians, that bone is going to change its position and instead of being part of the articulation of the jaw, it is going to pick up vibrations from the skull that is coming through the ground. We get a bone that is transmitting vibrations not between two bones but the balance organ between the ears.  Those vibrations become sound, which will be later, associated with the ear drum. 

Homoplastic structures
· The wings of the bat, bird and pterosaur told us they were all homologous (vertebrates); however if you look at these three wings you will realize they are not shared by a common ancestor, the vertebrates.  
· Homoplastic for vertebrates
· However, they are not shared by a common ancestor for the vertebrates
· How the wing is modified for flight happened in very different ways
· Bats and Birds
· In a bat, the wrist is located within the wing. And the membrane of the wing is woven between the fingers and back to the body. The digits are playing a prominent role in this mechanism because they are used to fold the wing and everything else.
· If we take a look at a bird, there is the wrist and the digits are no longer involved in flight, they have fused. And attached to the arms and the digits is a set of feathers. Even though they both have vertebrate bones, the bones have made a convergence for flight. They fly in a very different way, and therefore do not share a common ancestor when it comes to flight. This is an event that arose more than once in the vertebrate lineage and the vertebrate bone that unified that group as a homologous character is actually a homoplastic character, once you go below the level of vertebrates and start looking at the organisms that are there. 
· Both have vertebrate bones, they don’t share a common ancestor for flight
· If you take a look at the flying reptiles (pterosaur), you will notice that the wrist is still involved to a certain extent but most of the membrane of flight is associated with the small finger that has been elaborated in large length. The membrane for flight is an attachment of this membrane all the way back to the base of the arm, and the other digits are still there. When Pterosaurs walk up on land, they are quadruped (they still walk on all fours)
· You can have homologous characteristics at one level of the scheme, but as they get lower and lower down, they ARE NO LONGER HOMOLOGOUS.	.

Homoplasy – convergent evolution
· Analogy and homoplasy are convergent evolution.
· Image is a vertebrate evolutionary tree. 
· Animals end up with similar appearances dictated by their environment. 
· What is homoplasy? What are homologous?
· Important questions to consider. 

Three Main Questions
· What is the natural underlying order?
· What came first?
· What is the derived, altered or new condition?
· What can we use to follow this?
· What are the characters that are available to work with?
· What can we use to work with these characters?
· How do we handle the data?
· How do we decide whether something is in the initial, ancestral, primitive or derived state?

i.e. Flatworms were thought to be the common ancestor to all worms based on simplicity however at the molecular level, it shows that flatworms were not the common ancestor, the evolved and lost their coelom. 

Types of characters
· As time progresses, more characteristics are added. 
· Initially morphology
· Microscope improves
· Ability to look at cellular respiration
· Embryology (able to see protostomes and deuterosomes)
· Fossils help. 
· Explosion! Look at similarity among molecules (last 25-30 years). 
· Taxonomists and systematics would argue which was the best trait to divide the living world. 
· Great School of Thought in Europe and North America
· It was arbitrary; no one knew if the trait being used was a good enough trait to see real underlining evolution. 
· Some concerns we may not actually see what is going on due to arbitrayness, non-objectiveness and personal influences associated. 

Phenetic Taxonomy
· Believed measuring characteristics of organisms (eg. Plants) were capable through cluster analysis of grouping organisms
· Gather numbers -> says to system “Is there a logical dichotomy between these groups of organisms.”
· Considered reasonable; no arbitrayness
· Belief that hidden in the phenotype there should be something one is capable of measuring. 
· Had to link computers together to be able to do the cluster analysis associated with these animals and their measurements therefore creating 2 groups 
· Creates branching pattern
· Unbiased
· However, not everyone could do this technique
· No access to computer programs (expensive)
· No money
· Problem; depending on analysis you could get different results
· “My programming is better than your program.”

Cladistics (Phylogenetic)
· [bookmark: _GoBack]New way of organizing living world; involves trying to determine who, what rorganism; group or taxon has the most derived traits. 
· Note; more derived traits therefore farther from ancestor. 

Representing Groups of Animals
· Visual representations

Dendograms 
· Prior to evolutionary biology
· Not based on evolution
· Image shows reptiles, birds and mammals are more diverse than fishes. However fishes are probably the most diverse organisms. 

Phylogenetic Tree
· Attempting to be based on evolutionary biology
· Image of what things looked like up until cladistics
· Classic evolutionary tree

Cladogram
· Cladistics
· Creates a dichotomous branching pattern
· Emphasizes there are innovations at certain points of the evolutionary sequence which will be inherited by all descendants to come. 
· There are shared derived characteristics that link various groups and they are hierarchically nested inside each other. 

Conflicting Relationships
· Implications
· Looking for common ancestry; all of the descendants when we give a group a name
· i.e. Birds and Reptiles
· given different names but they all have the same common ancestor
· morphology (morphological classification) would look at something an say that it can’t be related to a reptile, it is so different (aerodynamically, flys)
· Darwin says that a branching diagram should include all common ancestors therefore this morphological assumption is not appropriate because we’ve put a weight on flight. 
· In cladistics, you don’t break things apart; you include them in an inclusive pattern as you go. 

Cladistics – Useful Terms 
· Signal that you are using them in the cladistics sense.
· Apomorphies 
· Advanced trait
· Plesiomorphies
· Ancestral trait 
· Synapomorphies
· When you share your apomorphies with a number of organisms
· Symplemorphies
· If you share your plesiomorphies with a number of organisms
· Therefore we know there is no arbitrayness associated with this.

Cladistics – Useful Terms (continued)
· E 	= no other organisms has this trait
= shares and defines the group 
· You want to look at the derived characters that is shared which leads to innovations from this common ancestor. 

Anatomy of Cladogram
· Every cladogram is built on the rules of monophyly but sometimes some of the descendants may have converged or diverged so dramatically from each other that one didn’t realize that the other belonged.
· Monophyletic 
· Like to describe all the ancestors as a complete evolutionary branching diagram and it is completely intact
· Paraphyletic
· Mistakes are made. 
· Some groups get excluded that should have been included. (i.e. birds)
· Polyphyletic
· Sometimes you think things are related to one another and another characteristic is introduced and they aren’t. 
· Eventually end up with evolutionary trees that include all organisms. 
· Morphological cladograms are showing the same sequence as molecular cladogram and embryological therefore consistency based on techniques being used. 

Phylogeny of Animals
· The one with the less derived traits should be at the bottoms of the evolutionary tree. 
· We can use the morphologic, molecular, etc. traits to rank these organisms in an order therefore we should always get the same evolutionary tree in all sequences. 
· Every single organism can be defined in an evolutionary tree. 

Parsimony – The KISS Principle
· KISS = Keep It Simple Stupid
· Sometimes you get two organsims that score identically and to break the tie you use parsimony. 
· Build simplest evolutionary tree possible 
· Make evolutionary trees when we have ambiguity with the least number of events.
· Always go with the simplest interpretation. 

e.g. You could say that the origin of the camera eye is a trait of the common ancestor and got lost 5 times during evolution, or you could say there was originally no camera eye and it was gained twice during evolution. In parsimony, we would go with the two events of the camera eye being gained rather than the 5 events being lost. 


