Organizing the Living World


Adaptive radiation	- Cluster of closely related species that are each adaptively     specialized to a specific habitat or food source
- Burst of speciation associated with a move into new situations/environments
- Changes in legs and feet, face and teeth when horses moved from wooded habitats to grass.

Advanced characters
- Different than ancestors
- Evolved from the primitive state
- a new version of a trait found in the most recent common ancester of a group. 
-more recently evolved
-opposite of primitive characters 
- "derived" character


Analogous
- Trait or organ that appears within 2 unrelated organisms
- The result of convergent evolution. They don’t supply any information about relatedness so they are excluded from phylogenic analysis.
- Example is ability for birds and bats to fly

Apomorphy
- Any feature novel to a species and its descendants.
- The derived characteristics of a clade
- A characteristic that occurs only in later descendants

Artificial taxonomy
- A prominent or easily observed feature is taken as the mark of resemblance or dissemblance.
-
					-

Autoapomorphy
- Any derived trait (see apomorphy) only possessed by members of one particular taxon (unique terminal group)
- Not in any other groups or taxa
					- Only in 1 member of a clade

Binomen
- Name of a species (Genus in CAPS, species in italics)
- Termed by Linneaus
					- genus + species

Camera eye
- Trait that develops independently in two groups of organisms, chosen by parsimony.
- Very unique, both are morphologically different, though they have the same function.
- Vertebrates have blind spot. Retina nerve different





Character convergence
- The traits are structurally similar even though they appeared independently in taxa that didn’t have an immediate common ancestor.
- Flight in birds and bats is a character that is said to be convergent for both groups since there’s no common ancestor to both bats and birds that processed the ability to fly.
- A process where two relatively evolved species interact so that one converges toward the other with respect to one or more traits. 



Character polarity
- implies a distinction for a given character between an ancestral state and a derived state. 
- When several different versions of a feature is observed in various species, it is helpful to try to determine which is the older or primitive version and which are the more modified or derived versions that evolved later by further modification of the original character. This determination will identify the polarity – which version came first, which came last.

- -denoted by 0, 1, 2, 0 = the ancestral character, 1 = derived, and 2 = secondary derived character

Character reversal
- A character reversal happens when a character that is unique to a taxon group reverts to more ancestral level in a taxan within this group. Ex: 
- presence of wings is a unique character for insect, but many species, distributed among many orders do not have wings. And they have winged ancestors. (fleas, lice,) 


- 
					-

Clade
- Any natural group of organisms that share a common ancestor
- Monophyletic lineage
- an organism and all its descendants

					



Cladistics
- method or grouping organisms that is based ond erived traits
- infers phylogenetic relationships and evolutionary history of groups of organisms
-invented by German entomologist Willi Henning
-a “branching tree”; with the outgroup having the ancestral and common characters
-critcisms: can be extremely subjective
					

Cladogram
- A branching tree drawing that shows the relationships among organisms.
- that illustrate the hypothesized sequence of evolutionary branching,
					- a hypothetical ancestor at each branching point. 



Classical taxonomy
-  Based on morphology and anatomy
-  based off darwin's principle
- was biased (e.g. embyologists wanted their field to be used as the method of classification but morphologists wnated morphology to be the basis)
-followed by the unbiased phylogenitcs (cladistics).
-after mechanical taxonomy 

					-

Classification
- is an arrangement of organisms into hierarchical groups that reflect their relatedness

- first classifications of the living world were based on morphologies (Linnean system of classification)

					-

Common ancestor
- the last ancestor from which the two species in question have in common and descended from
- a homologous trait has to be present in the common ancestor
· helps define monophyletic groups
· common ancestor to all animals is the choanoflagellate; all plants is the green alga




 
Convergent evolution
· When two species evolve to be more and more similar based on similar selective pressure, and the need to fill certain niches. However they do not have a recent common ancestor. Ex: The wings of bats, pterodactyls, birds and insects. All developed independently but carry out the same function and even share morphological similarities.
· Homoplasy
· Similar adaptation in distantly related organisms that occupy similar environments  environments put pressure on organisms to take a specific shape.




Dendrogram
· a tree diagram frequently used to illustrate the arrangement of the clusters produced by hierarchical clustering. Dendrograms are often used in computational biology to illustrate the clustering of genes or samples. 
· not as descriptive as cladograms, which are made with cladistic, whereas dendrograms are generally based on morphologically and anatomical similarities
· shows taxonomic relationships

· Based on phonetic similarity.

				

Derived characters
- new forms of traits, provide the most useful information about evolutionary relationships because once a derived character becomes established, it is usually present it all of that species descendants. Also helps find which way a character has evolved. Ex: vertebral column.

-
					-

Dichotomy
- a division of organisms into two groups, typically based on a characteristic present in one group and absent in the other. Such dichotomies are used as part of the process of identifying species. Ex: Does it have a backbone?

- if dichotomy doesn’t work, the branch must be resolved 
					- splitting of a whole into 2 non-overlapping parts



Divergent evolution
when similar organisms or same species evolve away or split into new species of organisms. 
- Divergent evolution is the process by which related lineages develop different biological, genetic, and behavioral traits over time. 
- Natural selection, sexual selection, genetic drift, gene flow, and mutation are the processes that drive these changes. 
- When enough small changes accumulate in closely related but isolated populations, speciation might occur.
- Ex: forelimbs of horses, humans, whales. Similar morphology, specialized for its own specific function.
- accumulation of differences between groups which can lead to the formation of new species
- naturally selected changes in related species that once chared a characteristic in common



Evolutionary taxonomy
- rules to organize
- Hierarchy 
- based on evolutionary relationships: where similar things a grouped together based on their evolutionary relationship. 
- systematics
- allows groups to be exluded from their paent taxa. Ex: dino’s are not included as birds but gave rise to them









Folk taxonomy
-  the taxonomies of the most ancient cultures and isolated populations. There is always a system. Usually dichotomous, and hierarchal. Such as animate vs. inanimate. Food vs. medicinal. 
- rain forest, new guinea tribes. They all do this. 
- usually have 600 elements within these categories. Depends on where they are located. 
- Usually the information is held by one individual in the community that is considered wise and passed down in spoken word.
- “words of mouth”
- embedded in cultural and social systems and serve various functions
- the way people make sense of and organize their natural surroundings.



Fungi
· eukaryotic kingdom
- Heterotrophic
- yeasts and molds 
- various life cycles
- Excretes enzyme and breaks everything externally, and absorbs nutrients.
- arrived in carboniferous period to feed on the plant remains, that had no way of breaking down. 
- Good at breaking down lignin.
· Started the beginnings of soil systems


Hierarchical
- system of organisms ranked one above the other
- Ex: Life - Kingdom - Phylum - Class - Order - Family - Genus   Species – Organism
- creates branching patterns and based on simple dichotomies

			

Henning
-  German biologist considered to be the founder of cladistics
- Specialized in Dipterans (flies, mosquitoes)
					-


Homologous
- Showing a degree of similarity (e.g. in position, structure, function or characteristics) that may indicate a common origin.

- Having similar structure and anatomical position (but not necessarily the same function) in different organisms suggesting a common ancestry or evolutionary origin (e.g. wings of bats and arms of humans are homologous)
- Genetics Having the same morphology and linear sequence of gene loci as another chromosome.
-  Having the same evolutionary origin but not necessarily the same function	










Homology
- Various concepts of similarity of features among organisms have been developed to explain the biological phenomenon of genetically related parts. Most recently, homology has been considered in terms of patterns of homeotic and other morphogenetic genes.

- "the same organ in different animals under every variety of form and function

-  characteristics shared by a set of species because they inherited them from their common ancestor

Homoplasy
· The development of a similar character state in two species by independent, non-homologous processes and histories. 
· but homoplasy also applies when a character becomes absent in two species independently.

· Also described as the result of parallel or convergent evolution. The structure may be analogous,

· See convergent evolution
					

KISS principle
- From parsimony
- “Keep it Simple Stupid” principle.
-  it is the principle that can be applied to many disciplines that simplicity is a key goal in design and complexity should be avoided if possible
- Simplest way is the best way (when building cladograms)

Linnaeus
- Father of taxonomy
-Systema natuae to catalogue all living things
- Sorted all names into hiearchial system that was strictly mechanical (not biological)

Mechanical taxonomy
- based on mechanical stuctures of organisms
- based on types of linkages provided by M.Muller (skeletal structure)		
					- Morphological way of looking at taxonomy
- Ex: joints, knees, cranial mechanisms, linkage mechanisms of jaw protusions







Monophyletic
-  A taxon (group of organisms) which includes a single ancestral species and all of its descendants.
- Aim in cladograms is to make monophyletic groups- -- Can turn ito polyphyletic of paraphyletic groups as  more characters are added to tree


Natural taxonomy
-  Darwin (concept of branching)
- things classified are arranged according to the totality of their morphological resemblances
					-
 
Node
-  The place on the tree where branching occurs 
- Different nodes define differet groups: ex: monophyletic, paraphyletic, polyphyletic
					-


Out group
· group of organisms that serves as a reference group to determine evolutionairy relationship among 3+ monophyletic groups of organisms.

· Chosen outgroup is hypothesized to be closely related to other groups, but less closely than any single one of the other groups is to each other.

-	Outgroup branched from the parent group before the other 2 groups branched from each other

· Ex: humans, chimapzees – gorillas: chimpanzees and gorillas, humans are more closely related to chimps than either humans or chimps are related to gorillas. So gorillas are an outgroup
· Reference point, and must score “0” on all traits yet still be related to the organisms being examined.


Paraphyletic
-  Group of organisms that includes an ancestral species and some, but not all, of its descendants.	
- Birds are dinosaurs; i.e. they are decedents of an ancestor that spawned the dinosaurs but paleontologists refer to dinosaurs as dino’s not birds.
					- can form monophyletic groups as they branch out






Parsimony
- The simplest explanation should be the most accurate
-Means that any particular evolutionairy change is an unlikely event and presumably happened only once in an eveolutionairy lineage.
- Unlikely same change evolved twice in the same lineage
- KISS principle
- in phylogenetic analysis using cladograms, the least number of changes is accepted as a biological principle since this is what likely occured in evolution


Phenetic (Numeric) Taxonomy
- An attempt to classify organisms based on overall similarity
- Numerical taxonomy which is concerned with the use and numerical methods for taxonomic classification.
- Uses methods to reduce the variation displayed by organiams.
- aims to create a taxonomy using numeric algorithms (cluster analysis)
- may not correlate with evolutionairy relationships



Phylogenetic taxonomy
- group of organisms based on shared evolutionary heritage
- Eg: DNA and RNA sequiencing techniques
					-
 
Phylogenetic tree
- A branching diagram depicting the evolutionairy relationships/heritages of groups of organisms.
- Each branch represents the descendants of a single ancestral species.
- Formal hypotheses identifying likely relationships among species

Phylogeny
- The evolutionairy history of a group of organisms.
- Often conflicting interpretations because there can be more than 1 branching pattern possible
					- Ex: the construction of cladograms









Plesiomorphy
· An evolutionary trait that is homologous within a particular group of organisms but is not unique to members of that group (compare apomorphy) and therefore cannot be used as a diagnostic or defining character for the group. For example, vertebrae are found in zebras,
cheetahs, and orang-utans, but the common ancestor in which this trait first evolved is so distant that the trait is shared by many other animals. Therefore, possession of vertebrae sheds no light on the phylogenetic relations of these three species 
· Sharing a character state with an ancestral clade
· Primitive – is at the base of the cladogram: ex: ectothermy is a plesiomorph



Polyphyletic
-  Have multiple origins and thus do not share a common ancestor 
- Example is pachyderms (elephants, rhinos, and hippo’s) which belong in difference mamalaian families and were put together based on few minor charactersists of their skin.
- Group of organisms that belong to different evolutionairy lineages and do not share a recent common ancestor.



Polytomy
-  Represented as a node which has more than 2 branches
- Presents an analytical problem
- Evolutioniry relationships cannot be fully resolved to dichotomies

Primitive characters
- Those attributes of a plant/animal which all members of the group possess. 
- Ex: having 4 legs is primitive for mammals; they inherited it from their common ancestor. 
					- traits retained from a common ancestory
					- opposite of derived





Sister group
- Closest relatives of a group in a phylogenetic tree
- 2 taxa connected by a node.
- Must be the closest relative only among the groups/species/specimen included in the analysis.
- 2 groups resulting from the splitting of a single lineage
- the groups are each others closest evolutionary relative

Symplesiomorphy
- A character shared by a number of groups, but inherited from ancestors older than the last common ancestor.
- Ancestral trait shared by 2 or more taxa
					- Primitive trait which is shared b/w 2 or more groups
 
Synapomorphy
-  Trait that is shared by 2 or more taxa and their most recent common ancestor, whose own ancestor in turn does not possess the trait. 
-  Derived trait which is shared b/w 2 ore more groups
					-

Systematics
-  	The science of studying and describing  the range of individuals morphologies that constitute a species and of determining the relationships among species (also taxonomy).

· Study of diversification of living forms, past and present, and relationships (clagodgrms, phylogenetic trees)m through time. 
· Is the field that (a) provides scientific names for organisms, (b) describes them, (c) preserves collections of them, (d) provides classifications for the organisms, keys for their identification, and data on their distributions, (e) investigates their evolutionary histories, and (f) considers their environmental adaptations. This is a field with a long history that in recent years has experienced a notable renaissance, principally with respect to theoretical content.


Taxon
- Group of 1 more more populations of organisms.
-Usually given a name and a rank
-Deciding what belongs to a certain group is determined using taxonomy.




Taxonomy
-  Defining groups of biological organisms on the basis of share characteristics
- The groups created are called taxa
- Hierarchical (each species belongs to a genus  family…)
- The science of the classification or organisms into an ordered system that indicates natural relationships

Weighted characters
-  Condition when particular characters are considered more important (less likely to change).
- Characters are weighted by taxonomists according to their utility for different purposes.
[bookmark: _GoBack]- Because a character can have little importance for an organism, but be very important to understand its relation to another species

















	




