Lecture 19

 
Outcomes

What types of traits are useful in determining evolutionary relationships?
· Traits that are useful in determining evolutionary relationships are traits that are independent markers of underlying genetic similarity and differentiation. 
· Useful systematic characteristics must be genetically independent, and reflect different parts of an organism’s genome. This just means that you wouldn’t use 2 traits/ characteristics that have the same genetic basis such as the # of adhesive pads on the 4th toe of the left foot and # of adhesive pads on the 4th toe of the right foot. You would only use one of these traits because the same genes control both traits
· Homologous Characters are useful in preparing phylogenies because they reflect underlying genetic similarities, and can indicate common ancestry and genetic relatedness. The limbs of tetrapod vertebrates are homologous characters that are similar in evolutionary history but not different in function. When this is the case, even though homologous structures are inherited from a common ancestor, they differ considerably among species. For example, the stapes (bone in the middle ear of tetrapod vertebrates), is homologous to the hyomandibula (bone that supports the jaw joint of most fishes), but these structures have different functions and positions.
· Analogous Characters are not very useful in determining evolutionary relationships because they’re homoplasious and so systematists exclude them because they provide no information about shared ancestry (they evolved independently)

Meanings of mosaic evolution, ancestral character, derived character
· Mosaic Evolution: Refers to the reality that in all evolutionary lineages, some traits evolve slowly, while others evolve rapidly. Mosaic evolution is pervasive 
· All species display a mixture of ancestral characters (old forms of traits), and derived characters (new forms of traits) 
Whether ancestral or derived characters are more useful in determining evolutionary relationships
· Ancestral or derived characters are scored as such only when comparing them among organisms, and as such any particular character is derived only in relation to what occurs in other organisms. The comparison may be with an older version of the same character, or sometimes its absence and the appearance of a new trait
· Derived characteristics provide more useful information about evolutionary relationships because once a derived characteristic is established, it usually persists in all of that species descendants. Thus, unless derived characteristics are lost or replaced by new characteristics they can serve as markers for entire evolutionary lineages. 






Ways in which cladistic systematics differs from traditional evolutionary systematics
· Traditional Evolutionary Systematics: An approach to systematics that uses phenotypic similarities and differences to infer evolutionary relationships, grouping species that share both ancestral and derived characters. Classifications produced by traditional systematics reflect evolutionary branching and morphological divergence.
· Cladistic Systematics: An approach to systematics that uses shared derived characters to infer the phylogenetic relationships and evolutionary history of groups of organisms. It ignored morphological divergence, producing phylogenetic hypotheses and classifications that reflect only the branching pattern of evolution; it places species that share derived characters in one group. Some systematists advocate abandoning the Linnaean hierarchy for classifying and naming organisms, and instead use PhyloCode (identify and name clades instead of placing organisms into the familiar taxonomic groups).
[image: ]
Recognize monophyletic and non-monophyletic groupings (taxa), given a phylogenetic tree
· Phylogenies: Represents Darwin’s concept of branching evolution with a tree of life; an evolutionary tree that shows the evolutionary history of groups and organisms 
· The principle of monophyly is used when converting the phylogenetic tree into a classification. Monophyleteic taxa are identified by determining if they’re derived from a single ancestral species, while polyphyletic taxa are identified by determining if they include species from separate evolutionary lineages. For example, looking at the presence of wings, we can place bats, birds, pterosaurs and insects in 1 taxonomic group of flying animals, making it polyphyletic. 
·  Paraphyletic taxons include some but not all descendants. Reptilia, a traditional taxon class is paraphyletic because it includes reptiles such as turtles, lizards, dinosaurs, and crocodiles but excludes some descendants such as mammals and birds. 

Difference between homologous and homoplasious traits
· Homoplasious traits are traits that evolved independently but are phenotypically similar (ex. Flattened tails of aquatic mammals, such as beavers and platypuses, appear to be homoplasious)
· Systematics exclude homoplasies from their analysis because they provide no info about shared (genetic) ancestry.  
· Homologous characters are similar in their evolutionary history but not necessarily in their function (ex. The limbs of tetrapod vertebratesvertebrates with two pairs of limbs)
· Homologous traits are useful in preparing phylogenies because they reflect underlying genetic similarities, and the comparison of homologous characters can indicate common ancestry. However, when their functions are different, homologous structures (inherited from a common ancestor) can differ considerably among species.

Monophyletic and non-monophyletic groupings, given a phylogenetic tree
· Non-monophyletic groupings of taxa don’t include the MRCA and all of its descendant species 
· If we can cut the tree in a single cut, it represents a monophyhletic group. However, if we use two cuts, it is a non-monophyletic group
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Meaning of synapomorphy, symplesiomorphy, autapomorphy; and know which of these is considered informative in cladistic analysis
· If a trait is derived but not shared among the outgroup and ingroup:  Automorphy 
· If a trait is derived and shared among the outrgoup and ingroup: Synapomorphy 
· If a trait is ancestral and shared among the outgoup and ingroup: Simplesomorphy

Traits that are probably derived vs probably ancestral, given a phylogenetic tree and a suitable outgroup
· Ingroup: Species that belong to the same group as the species being compared
· Outgroup: Species that belong to the same group as the species being compared
· Depending on whether the outgroup has the trait, or how many members of the ingroup have a trait, we can tell whether it is derived or ancestral 
· Trait present in outgroup and ALL of ingroup: Ancestral 
· Trait present in outgroup and SOME of ingroup: Ancestral 
· Trait absent in outgroup, present in SOME of ingroup:  Derived 
· Trait present in outgroup, but NONE of ingroup: We can’t tell because it’s equally likely 
· Trait absent in outgroup, but present in ALL of ingroup:  We can’t tell because it’s equally likely
· Trait may have been ancestral, but the outgroup lost it 
· OR trait may have been derived and each in-group independently derived the trait 
· Not informative regardless of whether its derived or ancestral
· [bookmark: _GoBack]
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Figure 20.18  Phylogenetic trees and classifications for tetrapod vertebrates

(a) Traditional and (b) cladistic phylogenies produce different phylogenetic trees and classifications. Classifications are
presented above the trees.

a. Traditional phylogeneti tree with classifiation
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